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ABSTRACT: Various purine-based nucleoside analogues have demonstrated unexpected affinity for non-purinergic G protein-
coupled receptors (GPCRs), such as opioid and serotonin receptors. In this work we synthesized a small library of new 7-
deazaadenosine and pyrazolo[3,4-d]pyrimidine riboside analogues, featuring dual C7 and N°® modifications and assessed their affinity
for various GPCRs. During the course of the synthesis of 7-ethynyl pyrazolo[3,4-d]pyrimidine ribosides, we observed the formation
of an unprecedented tricyclic nucleobase, formed via a 6-endo-dig ring closure. The synthesis of this tricyclic nucleoside was
optimized, and the substrate scope for such cyclisation further explored, since it might avail further exploration in the nucleoside
field. From displacement experiments on a panel of GPCRs and transporters, combining C7 and N®-modifications afforded non-
cytotoxic nucleosides with micromolar and submicromolar affinity for different GPCRs, such as the 5-hydroxytryptamine (5-HT)2g,
k-opioid (KOR) and o, receptor. These results corroborate that the novel nucleoside analogues reported here are potentially useful
starting points for the further development of modulators of GPCRs and transmembrane proteins.

Keywords: Tricyclic nucleosides, GPCRs, 7-deazaadenosine, Tubericidin, , 6-endo-dig cyclisation, Triciribine

G protein-coupled receptors (GPCRs) are transmembrane
receptors representing the largest membrane protein family,
with approximately 800 known GPCRs.! They regulate a vast
array of physiological functions by transducing various signals
from the extracellular environment into the cell. Given GPCRs’
important roles in a wide spectrum of diseases, including
asthma, diabetes, cardiovascular and neurological disorders,

they have been of long-standing interest as drug targets,
resulting in over 475 approved GPCR-targeting drugs
(accounting for approximately 34% of all FDA-approved
drugs).>* Adenosine (Figure 1A) and its corresponding
nucleotide, ATP, are endogenous ligands for purinergic
receptors®, and various derivatives have been synthesized to
modulate this class of GPCRs.*” Examination of off-target
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Figure 1. A) Chemical structures of adenosine, tubercidin and aminopurinol riboside. The purine base numbering is highlighted on
adenosine. B) Earlier reported nucleosidic non-purinergic GPCR ligands (left) and combined C7 and N® substitutions on
tubercidin and aminopurinol riboside explored in this work (right).



Scheme 1. Synthesis of 7-trifluoro- and 7-ethynyl-7-deazaadenosine nucleoside analogues
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effects of reported adenosine receptor modulators has unveiled
unexpected affinities for non-purinergic GPCRs, including
serotonin (5-HT) and opioid receptors®?, as well as transporter
proteins.!® Further structure activity relationship studies have
demonstrated the potential for enhancing affinity and selectivity
for non-purinergic receptors. For instance, the incorporation of
a bicyclo[3.1.0]lhexane fused ring, also called (N)-
methanocarba, in place of a ribose ring, greatly increased 5-
HT,3 receptor affinity.® Switching 5’-amides into 5’-esters and
incorporation of a 7-deazaadenine nucleobase increased
selectivity for k-opioid receptors (KOR) over the A3 adenosine
receptor.!!  Additionally, various C2 substitutions and N°
substitution with selected alkyl or benzyl moieties influenced
affinity for both purinergic and non-purinergic GPCRs.'? These
examples highlight the potential of utilizing nucleosides as
GPCR binders with non-nucleoside endogenous ligands and the
possibility of fine-tuning GPCR affinity of purine nucleosides
by chemical modifications. In our pursuit of finding new entry
points for modulating transmembrane proteins, we synthesized
a small library of unique nucleoside analogues and screened
these against a panel of different GPCR receptors and
transporter proteins. The 7-deazaadenosine (tubercidin'®) and
pyrazolo[3,4-d]pyrimidine derivatives were designed as to
comprise privileged N°-benzyl and cyclopentyl substitutions,
since these have been extensively shown to modulate GPCR
affinity.'> In contrast, C7-substituents on 7-deazapurine
nucleosides have not been thoroughly studied in the context of
GPCRs, although 7-ethynyl or 7-trifluoromethyl modifications
provided potent anti-cancer, anti-parasitic and anti-viral
agents.'*'® This incited us to combine the aforementioned N°-
substitution patterns with a 7-CF3 or a 7-ethynyl motif.

The synthesis of such dual N%C7 modified 7-deazaadenosine
analogues 7 and 8 is depicted in Scheme 1. It started with the
5-iodination of commercially available 4-chloro-7H-
pyrrolo[2,3-d]pyrimidine (1) with N-Iodosuccinimide (NIS),
followed by modified Vorbriiggen glycosylation with 1-O-
acetyl-tri-O-benzoylribofuranose (4).!° The iodine in the
resulting intermediate 3 was readily converted into a TMS-
protected ethynyl group under Sonogashira conditions.
Chlorine displacement by the appropriate amines delivered
nucleosides 7a-d, g, j after benzoyl removal with K,COj3 in
MeOH. A 7-CFs-group was installed via a cross-coupling
reaction of 3 with in situ-formed CuCFs.* Subsequent SNAR

with various amines went smoothly. Coupling of the less
nucleophilic aniline was achieved upon addition of AgOTf.
Finally, benzoyl protecting group removal delivered the desired
analogues 8 a-j. Besides 7-ethynyl-7-deazaadenosine analogues
7, we explored the synthesis of related 7-ethynylaminopurinol
derivatives (Scheme 2). Coupling of 3-iodo-4-chloro-/H-
pyrazolo[3.4-d]pyrimidine under the Vorbriiggen conditions
applied for the corresponding 7-deazapurine failed. This led us
to perform the glycosylation with iodinated allopurinol 10.
Glycosylation with BF;OEt; in refluxing nitromethane resulted
in the desired N-9 glycosylated product 11, albeit in low yields
due to concomitant formation of substantial amounts of the N-
8 regioisomer. Subsequent Sonogashira coupling, introduction
of a 6-chloro group with SOCl, in DMF/CHCI; and SyAR with
benzylamine yielded 14.
Scheme 2. Initial attempt towards 7-ethynyl-aminopurinol
riboside analogues resulted in a 6-endo-dig-cyclisation.
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Scheme 3. Optimized synthesis route towards tricyclic nucleosides
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However, treatment with K,CO3 in MeOH to remove the TMS
and benzoyl protecting groups did not afford the expected
nucleoside 17. Instead, the 6-endo-dig cyclised isomer 15a was
observed as the main product, together with an inseparable side
product, presumed to be MeOH adduct 16 (Supporting Info.).
This serendipitous finding encouraged us to elaborate on the
synthesis of these tricyclic nucleosides (Scheme 3). Since
TMS-removal was observed during Sonogashira coupling and
the subsequent SyAR, we opted for a more stable alkyne
triethylsilyl (TES) protecting group. After introducing the TES-
protected alkyne at position 7 and converting the 6-OH to a 6-
Cl group, the latter was substituted with different primary
amines. To prevent formation of MeOH adduct 16, we removed
the TES group with tetra-n-butylammonium fluoride (TBAF).
This resulted in a mixture of ethynyl analogues 21 as the major
products and around 20-30% of the corresponding cyclised
isomers (22). The remaining ethynyl analogues 21 could be
fully converted into the cyclised isomers 22 by treating the
crude mixture with catalytic amounts of AgOTf in refluxing
DCE. Finally, alcohol group deprotection delivered tricyclic
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nucleosides 15a-d. An X-ray structure of methyl analogue 15d
unambiguously confirmed the formation of the 6-endo-dig-
cyclised product (Scheme 3). Remarkably, efforts to cyclize the
related  NS-benzyl-7-ethynyl-7-deazaadenosine  (7a, Bz-
protected), 7-ethynylallopurinol riboside (23) and 7-
ethynylaminopurinol®' (25) analogues were not successful
(Scheme 4, Table S3 and S4), indicating that an electron
withdrawing nitrogen at position 8 and an electron donating
alkyl group on NS are required for cyclisation and that a 6-OH
is not nucleophilic enough to undergo this transformation.
Attempts to remove the p-methoxybenzyl (PMB) group of 22¢
(R! = PMB) via hydrogenation, oxidation with DDQ/CAN or
under acidic conditions (e.g., HCI, TFA) failed to afford the
unsubstituted N°-cyclised aminopurinol analogue 26 (Table
S5). Since cyclisation of an aminopurinol 25 and allopurinol 23
riboside failed, we prepared the corresponding 6-thio analogue
by treating intermediate 19 with thiourea. Upon TBAF removal
of the TES group, spontaneous cyclisation occurred and
afforded nucleoside 29 after benzoyl deprotection.

Scheme 4. Exploration of the scope of the 6-endo-dig cyclisation reaction.
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Incited by the previously reported activity of adenosine
congeners against serotonin (5-HT), opioid receptors and
noradrenaline and dopamine transporters,® ' we screened our
analogues against a panel of related signalling proteins (total 45
targets). Hits were observed for receptors (5-HT s, 5-HTp, 5-
HT2a, 5-HT2g, 5-HTac, 5-HTs, 5-HT7a, 02c, Ms, DOR, KOR,
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MOR, o), 6,) and transporters (NET, DAT, TSPO) (Table 1,
Table S1 and S2). Combining a 7-ethynyl group with a N°-
benzyl substituent resulted in analogue 7a with moderate
affinity for ¢1/62. Interestingly, compound 15a, the cyclised
variant of 7a, did not inhibit 61/62, but showed selective affinity
for the 5-HTp receptor (Ki 2.6 uM). Derivative 8a, which



features a 7-CF; and a NS-benzyl substituent, displayed K;
values of 0.50 uM and 1.0 uM for the 5-HT,s and 5-HTs
receptor, respectively. The sub-micromolar 5-HT,g affinity
found for 8a, led us to explore the effect of different substituted
benzyl derivatives (8b-g). Introduction of a chlorine in para (8e)
and ortho (8d) position of the phenyl ring gave a similar
inhibitory binding activity for the 5-HT:s receptor, but
increased selectivity versus the 5-HTe receptor. Analogue 8f
with a chlorine in meta position and 8g with a fluor in ortho also
displayed promising 5-HT,g receptor affinity (K; values of 0.62
and 1.2 uM). The same applies to R-methylbenzyl derivative 8¢
(Ki = 0.71 uM), while its S-diastereoisomer 8b preferred KOR
binding (K; = 1.9 uM). Notably, while tubercidin and its C7-
substituted analogues display strong cytotoxic effects,'*'® non
of our synthesized analogues proved toxic to MRC-5
fibroblasts, except for tricyclic N-Me derivative 15d (Table
S2). More extensive biological data can be found in
supplementary Tables S1 (7-deazaadenosine) and S2 (tricyclic
nucleosides).

Overall, we successfully synthesized a library of new 7-
deazaadenosine ribonucleosides that combine a 7-ethynyl or 7-
CF; modification with N° substituents and were able to identify
new (sub)micromolar hits for different GPCRs such as 5-HTp,
28, KOR, and o,,. The structure activity relationship (SAR) of
the discovered hits here can be potentially further developed by
additional structural modification. For instance, we previously
showed that incorporation of a bicyclo[3.1.0]hexane ring

system in other nucleoside scaffolds with moderate 5-HT2p
binding, greatly increased binding affinity, pending further
exploration of the series discovered here.”!! Moreover, the
previous reported nucleoside based 5-HT»g binders turned out
to be antagonistic and it will be interesting to confirm this for
the 5-HT,g receptor binders (8a, 8d, 8f...) discovered here.
Potent structurally distinct 5-HT»p antagonists have been
discovered recently via high-throughput screening? and might
be of interest as antifibrotic agents or inflammatory conditions
in lung or liver.?*?°  Additionally, we serendipitously
discovered ribonucleosides with a tricyclic nucleobase and
provide a practical synthesis route towards these analogues via
a 6-endo-dig cyclisation. We studied it’s the substrate scope and
believe that this may catalyse the field to further develop
nucleoside analogues with such unprecedented tricyclic
nucleobases for other applications. In the tricyclic series, N-
benzyl derivative 15a showed only weak binding for the 5-HTp
receptor. Of note, the structure of the tricyclic N-methyl
analogue 15d is reminiscent of that of that of the anti-cancer
agent ftriciribine.”’*  Furthermore, nucleotides with altered
bases have been of long-standing interest in synthetic biology
to expand the genetic alphabets, or to modify the shape/size,
hydrophobicity, and pi-electron interactions in DNA and RNA
duplex formation®'* and to visualize nucleic acid processes.**
It might therefor be useful to study e.g. the base pairing
capabilities of nucleos(t)ides with such a tricyclic scaffold.

Table 1. Binding inhibition at diverse targets (Ki, M) and cytotoxicity in MRC-5 fibroblasts (CCso in uM) of selected dual

C7/N® 7-deazaadenosine analogues and tricyclic analogue 15a.

R! R? 5-HTp 5-HT:2s 5-HTs azc KOR G1 G2 MRC-5
7a  Z \© < < < < < 3.5+11 34207 > 64
8a L-CF3 \© < 0.5020.10 1.0 02 2.5+13 1.8 0.3 3.3 £1.0 < > 64
8b _-CFy B < < < < 1.9 0.7 6.5+35 5.3+18 > 64
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Cl
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F
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A primary radioligand binding screen was performed at each target protein using a fixed concentration of 10 uM (n=4). A Kj-value
(represented in the table as mean = SEM (uM)) was determined for analogues showing > 50% inhibition (n = 3). Analogues showing < 50%
inhibition are indicated with ‘<’. The exact values can be found in Table S1 and S2. The cytotoxicity experiment was performed in duplicate.
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Detailed experimental procedures of chemical reactions and crystal
X-ray data, characterization data and spectra (HRMS, NMR,
LCMS) of intermediates and final compounds, detailed inhibition
values and curves of final compounds on the receptors/transporters
tested. (PDF)
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In this work, no unexpected or unusually high safety hazards were encountered

Biological data

Radioligand binding assay

Screening of the analogues at 45 receptors, channels and transporters was performed by the PDSP. A
complete list of the interactions tested is (human unless noted): 5HT1a, 5HT1s, 5HT1p, 5HT1e, 5HT2a,
S5HT2s, 5HT2c, 5HT3, 5HTsa, 5HTe, 5HT, alia, OB, OLiD, O2A, O2B, Cl2C, B1, Bz, B3, BZP rat brain site, D1, D,
D3, D4, Ds, GABAa, H1, Hy, Hs, Ha, M1, M5, Ms, 8-opioid receptor (DOR), k-opioid receptor (KOR), p-opioid
receptor (MOR), 61, 62, DAT, NET, SERT. The only hits among these signaling proteins are shown in
Tables 1, S1 and S2. For targets not shown in the tables, the % inhibition at 10 uM was <50% for all
compounds. Detailed experimental procedures can be found on the PDSP website:
http://pdsp.med.unc.edu/ (binding assays). In brief, a primary radioligand binding assay was carried
out at a single concentration of 10 UM in quadruplicate in the presence of the human recombinant
receptors, coming from stably or transiently transfected cell lines. Compounds showing a minimum of
50% inhibition at 10 uM are tagged for secondary radioligand binding assays to determine full response
concentration curves at specific targets. In secondary binding assays, selected compounds were usually
tested at 11 concentrations (0.1, 0.3, 1, 3, 10, 30, 100, 300 nM, 1, 3, 10 uM) and in triplicate. Binding
assays were carried out in appropriate binding buffers with a final volume of 0.125 mL. The
concentration of the hot ligand was usually close to the Kq4. Total binding and nonspecific binding were
determined in the respectively absence and presence of 10 uM of the reference compound. Reactions
were stopped by vacuum filtration onto 0.3% polyethyleneimine (PEI) soaked 96-well filter mats using
a 96-well Filtermate harvester, followed by three washes with cold wash buffers. Scintillation cocktail
was then melted onto the microwave-dried filters on a hot plate and radioactivity was counted in a
Microbeta counter.

Cytotoxicity in MRC-5 cells

MRC-5svzcells were cultured in MEM + Earl’s salts-medium, supplemented with L-glutamine, NaHCO;,
and 5% inactivated fetal calf serum. All cultures and assays were conducted at 37°C under an
atmosphere of 5% CO,. Assays were performed in sterile 96-well microtiter plates, each well containing
10pL of the watery compound dilutions together with 190uL of MRC-5sv, inoculum (1.5%10° cells/mL).
Cell growth was compared to untreated control wells (100% cell growth) and medium-control wells
(0% cell growth). After 3 days incubation, cell viability was assessed fluorimetrically after addition of
50 uL of resazurin per well. After 4 h at 37°C, fluorescence was measured (Aex 550 NmM, Aery 590 Nm). The
results were expressed as % reduction in cell growth/viability compared to control wells, and an
average CCsp value was determined based on 2 independent replicates.
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Table S1. Binding inhibition of 7-deazaadenosine analogues and other nucleoside analogues at diverse targets (Ki, UM, or % inhibition at 10 uM)
and cytotoxicity in MRC-5 fibroblasts (CCso (uM))*°

R1
o_nN V. K.
HOAUN o K
hoo on NN
R? R2 5- 5- 5- 5- 5- 5-HTs 5- Qe Ms DOR KOR  MOR  NET DAT o1 02 TPSO | MRC-
HTis  HTip  HTaa  HTzs HTac HT7a 5
Ref  H \© 4% 7% 4% 15% 5.3 28% 13% -4% -12% 6% 36% -7% 12% 39% 25% 2.8 49% ND
7a Z \© -8% 21% 9% 19% 26% 25% 41% 27% 17% 12% 19% 6% 9.2 -19% 3.5 3.4 -18% | >64
+0.8 +1.1 +0.7
7 Z Q 3% -14% 6% 19% 13% 19% 15% 22% 25% 17% 9% 2% 51%¢  11% 42% 41%  -21% | >64
a _AFs - ) ) ) 8 ) d ) . -2% ) . -6% ) ) . ) ) >
8 CF : 14% 2% 14% 0.50 34% 1.0 15% 2.5 2% 5% 1.8 6% 35% 10% 3.3 35% 45% 64
+0.10 +0.2 +1.3 +0.3 +1.0
8b _.CR ) 23% 23% 41% 49% 9% 37% 6% 26% 5.6 4% 1.9 6% 25% 4% 6.5 5.3 45% | 37.3
’ +0.5 +0.7 +3.5 +1.8
8 O im 25% 27% 23% 0.71 21% 41% 1% 42% 9% 11% 22% 8% 27%  -11%  -11% 1.8 7% 41.8
O £0.10 £0.1
8d .CF j@ 25% 2.5 18% 0.55 28% 30% 4% 18% 16% 3% 5% 16% 23% 5% 3.4 3.4 48% | >64
al +1.0 +0.15 +1.4 +1.1
8e .CR \©\ 6% 15% 42% 0.83 47% 26% 4% -2% 0% 21% 5% 45% 8.0 7.3 23 37% 37% | >64
cl +0.03 +1.2 +1.2 +0.2
8f .CF /\QC' 6% 5% 18% 0.62 30% 14% 15% -1% -9% 18% 16% 21% 4% 5.7 48% 10% 5% > 64
+0.35
8g .CFR j@ 28% 30% 7.5 1.2 24% 25% 6% 26% 3% 5% 12% 9% 19% -3% 6% 41%  -13% | >64
F +2.5 +0.3
8h .CF @ 1% 2% -5% 43%  -17%  18% 7% 33% 8% -1% 17% -3% 29% 12% 26% 50% 27% | >64
8i CF /\© 11% 13% -8% 25% -19% 34% 7% 25% 27% 1% 15% 7% 29% 8% 16% 29% 14% | 52.7
8 ..CF Q 6% -1% 3% 36% 22% 7% 21% 9% -2% 6% 43% 4% 45% 18% -6% 31% 7% > 64
Ref . 13% -3% -3% 3% 13% 15% 5% -6% 9% 7% 9% -16% 6% 2% -18%  18% 38% ND
e Nk
HO/\Q‘NWN\BH
Ho'  on NN
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2 A Ki value (represented in the table as mean + SEM (uM)) was determined for analogues showing % inhibition > 50%. Ki-values lower than 1 uM are highlighted in bold. %
Inhibition at 10 uM is shown for analogues with a % inhibition < 50%.

b Compounds 7b-j were not included in the screen since only moderate activity of benzyl-analogue 7a was observed.

¢Although the primary binding showed > 50% inhibition at 10 uM, the full curves indicated Ki >10 uM

Table S2. Binding inhibition of tricyclic at diverse targets (Ki, UM, or % inhibition at 10 uM) and cytotoxicity in MRC-5 fibroblasts (ICso (uM)).

=
o
N X
Ho/\g 2
N ~, ~ N
HO on NS
X 5-HT;|_B 5- 5-HT2A 5-HT23 5-HT2c 5-HT5 5- Qac Ms DOR KOR MOR NET DAT O1 O3 TPSO MRC-
HTJ_D HT7A 5
15a N“@ 16% 2.6 14% 7% -28% 13% 48% 30% 37% 0%  >10,00 8%  >10,00 -13% 15% 25% -15% >64
+0.1
15b [ 4% 20% 12% 0% -4% 14% 40% 13% 8% 0% 13% -3% -3% -4% 30% 31%  -10% | >64
N
15¢ w“@\ -6% 2% 14% 6% 14% 16% 4% 13% 12% 7% -1% 14% 12% -18% 35% 22% 4% >64
oM
15d N7 5% -6% 11% 4% -9% 6% 4% 8% 6% 18% -2% 37% 5% 28% 25% 5% -87% | 2.95
29 g 7% -6% -8% -17% 6% -8% 8% 16% 0% -5% 16% 4% 5% -43%  43% 14% 34% | >64

A primary radioligand binding screen was performed at each target protein using a fixed concentration of 10 uM. A K; value (represented in the table as mean + SEM (uM))

was determined for analogues showing % inhibition > 50%. % Inhibition at 10 uM is shown for analogues with a % inhibition < 50%.

3 Although the primary binding showed > 50% inhibition at 10 uM, the full curves indicated Ki >10 u
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Full binding curves
Representative secondary binding results from PDSP. Test compound in red, reference ligand in black.
Each radioligand is used at 0.5 — 1.0x its K4 value. The binding is performed in 96-well plates in the dark

at room temperature for 90 minutes. Complete procedures can be found at:
https://pdsp.unc.edu/pdspweb/content/PDSP%20Protocols%2011%202013-03-28.pdf
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Compound 15a
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Experimental details
In this work, no unexpected or unusually high safety hazards were encountered

General
All reactions described were performed in a fume hood. Additionally, all reactions were carried out
under a nitrogen atmosphere and at room temperature (ca 20 °C) unless explicitly stated otherwise.

Reactions were monitored by TLC analysis using Machery Nagel ALUGRAM Xtra SIL G UV254 sheets.
Visualization of material on the TLC plate was carried out by inspection under UV light (254 nm) and/or
staining the plates with one of the following spray reagents: A: a solution of (NH4)sM07024:4H,0 (25 gL
1) and (NH4)4Ce(S04)4-2H,0 (10 gLt) in 10% aqueous sulfuric acid (v/v) followed by heating with a heat
gun; B: an aqueous solution of KMn04 (20 gL?) and K,COs (10 gL1).

Column chromatography was performed on a Reveleris X2 automated flash chromatography system
(Grace/Buichi) using disposable 60A silica gel cartridges (Agela).

LC-MS analysis for reaction monitoring and purity analyses were carried out on a Waters
Autopurification system equipped with a Waters CORTECS column (4.6x100 mm, C18, 2.7um) and
using a water/acetonitrile/trifluoroacetic acid linear gradient. Peak detection was achieved using mass
spectrometry (ESI-MD) and a photo-diode-array detector (PDA)

Nuclear magnetic resonance analyses including *H- and 3C- spectra were carried out on a Bruker
Avance Neo 400MHz spectrometer equipped with an autosampler and using TOPSPIN/ICON-NMR.
Chemical shifts are given in ppm (6) relative to the solvent peak. NMR solvents included CDCl5(7.26
ppm in *H NMR, 77.16 ppm in 3C NMR) or DMSO-d6 (2.50 ppm in *H NMR and 39.52 ppm in 3C NMR)
and were all purchased from Euriso-Top (Saint Aubin, France). The purine nomenclature was used in
the characterization of proton and carbon NMR spectra, while systematic nomenclature was used to
name the synthesized compounds.

High-resolution mass spectrometry was performed on a Waters Premier XE HRMS system that is
calibrated using a solution of Le-enkephalin. Infusion of the analyte into the HRMS system was done
as a solution (0.5 ngmL™) in UPLC grade water and acetonitrile.

All solvents utilized (HPLC grade or equivalent or superior purity) were purchased from ChemlLab
(Zedelgem, Belgium) and used as received. All building blocks and reagents were were purchased from
common chemical suppliers including but not limited to: Fluorochem (Glossop, Derbyshire UK), Apollo
Scientific (Bredbury/Stockport Cheshire UK), Sigma-Aldrich (Diegem, Belgium), and Fisher Scientific
(Merelbeke, Belgium).

All obtained final compounds had purity > 95%, as assayed by analytical HPLC (UV) using a linear
gradient Water/ MeCN 0 -> 98 % + 0.02 % TFA in 10 min on a Waters CORTECS column (4.6x100 mm,
C18, 2.7um).

Synthesis of intermediates
General procedure A: SNAR on pyrrolopyrimidines

The 6-chloro substrate (1 eq) was dissolved in MeCN and the primary amine (1.2 eq) and EtsN (1.2 eq)
were added. The reaction mixture was heated to 70 °C and stirred for 4 to 7h. EA was added, washed
with brine twice, dried over Na,SO. and evaporated. Purification via flash column chromatography
(PE/JEA 0 = 30%) delivered the desired intermediate. The intermediates were, without further
characterisation, used in the next step (benzoyl deprotection via general procedure B).
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General procedure B: Benzoyl deprotection

The protected nucleoside (1 eq) was dissolved in a 1/1 mixture of DCM/MeOH and K,COs; (0.5 eq) was
added. When LCMS indicated that the reaction was finished, the reaction mixture was filtered over
celite and extensively flushed with DCM and MeOH. The final products were obtained after flash
column chromatography using DCM/MEQOH (0 - 10% MeOH).

General procedure C: TBAF-mediated ethynyl deprotection followed by cyclisation

The TES-protected ethynyl derivative (1 eq) was dissolved in THF and TBAF (1M in THF, 1.1 eq) was
added. After 1h, H,O was added and extracted with EA. The organic layer was washed with brine, dried
over Na,SO,, filtered and evaporated. The crude mixture was redissolved in DCE, AgOTf (0.2 eq) was
added and stirred for 16h at 84°C. Evaporation of the RM on celite, followed by flash column
chromatography (PE/EA 30 - 100%) delivered the cyclised intermediate.

Synthesis of 4-chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidine (2)

4-chloro-7H-pyrrolo[2,3-d]pyrimidine 1 (5 g, 32.6 mmol, 1 eq) and N-iodosuccinimide (7.69 g, 34.2
mmol, 1.05 eq) were dissolved in DMF (50 mL). The reaction mixture was stirred at room temperature
overnight in the dark. Next, the reaction mixture was cooled to 0 °C and ice-cold water was added. The
precipitate was filtered and dried in vacuo (8.75 g, 97% vyield).

In all NMR characterizations, the purine nomenclature was used.

IH NMR (DMSO-d6, 400MHz): & = 7.93 (s, 1H, H-8), 8.59 (s, 1H, H-2), 12.94 (s, 1H, NH) ppm.

13C NMR (DMSO-d6, 100MHz): & = 51.66 (C-7), 115.77 (C-5), 133.85 (CH-8), 150.47 (CH-2), 150.72 (C-
4), 151.50 (C-6) ppm.

HRMS (ESI): calculated for CsH,CIIN; ([M-H]*): 277.89872, found: 279.8989

Synthesis of 4-chloro-5-iodo-N7-(2’, 3’, 5’-tri-O-benzoyl-B-D-ribofuranosyl)-pyrrolo[2,3-
d]pyrimidine (3)

6-chloro-7-iodo-7-deazapurine 2 (8.75 g, 31.3 mmol, 1.1 eq) was dissolved in acetonitrile (300 mL), BSA
(7.99 mL, 32.7 mmol, 1.15 eq) was added and stirred at room temperature for 30 min. 1-O-acetyl-2,3,5-
tri-O-benzoyl-B-D-ribofuranose (14.35 g, 28.45 mmol, 1 eq) and TMSOTf (5.4 mL, 29.9 mmol, 1.05 eq)
were added. After 30 min of stirring at room temperature the RM was heated to 80°C for 2 h. EtOAc
was added and was washed with sat. NaHCO3 and brine. The organic phase was dried over Na,SO,,
filtered and concentrated under reduced pressure. The residue was purified via column
chromatography (PE/EA 10% -> 25%) and delivered the product as a white foam (11.34 g, 55% yield).

'H NMR (CDCl;, 400MHz): § = 4.68 (dd, J= 12.2, 3.6 Hz, 1H, H-5’), 4.80 (m, 1H, H-4’), 4.90 (dd, J= 12.3,
3.3 Hz, 1H, H-5"), 6.11 (m, 1H, H-3’), 6.15 (m, 1H, H-2"), 6.67 (d, J= 5.4 Hz, 1H, H-1’), 7.33-7.44 (m, 4H,
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Bz), 7.47 (m, 6H, H-8 & Bz), 7.92 (dd, J= 8.5, 1.3 Hz, 2H, Bz), 7.99 (dd, J= 8.4, 1.4 Hz, 2H, Bz), 8.11 (dd,
J=8.5, 1.4 Hz, 2H, Bz), 8.58 (s, 1H, H-2) ppm.

13C NMR (CDCls, 100MHz): & = 53.80 (C-7), 63.61 (CH,-5"), 71.57 (CH-3’), 74.29 (CH-2’), 80.81 (CH-4’),
86.93 (CH-1’), 117.94 (C-5), 128.51 (C-Bz), 128.66 (CH-Bz), 128.71 (CH-Bz), 128.80 (C-Bz), 128.97 (CH-
Bz), 129.40 (C-Bz), 129.84 (CH-Bz), 129.97 (CH-Bz), 129.98 (CH-Bz), 132.15 (CH-8), 133.74 (CH-Bz),
133.92 (CH-Bz), 133.95 (CH-Bz), 151.14 (C-4), 151.39 (CH-2), 153.27 (C-6), 165.20 (C=0-Bz), 165.50
(C=0-Bz), 166.24 (C=0-Bz) ppm.

HRMS (ESI): calculated for C32H24ClIN3O7 ([M+H]*): 724.03418, found: 724.0345.

Synthesis of 4-chloro-5-(trimethylsilyl)ethynyl-N7-(2’, 3’, 5’-tri-O-benzoyl-B-D-ribofuranosyl)-
pyrrolo[2,3-d]pyrimidine (5)

TMS

VA

Compound 3 (11.34 g, 15.67 mmol, 1 eq) was dissolved in DMF (78 mL) and triethylamine (21.84 mL,
156.7 mmol, 10 eq) and trimethylsilylacetylene (21.71 mL, 156.7 mmol, 10 eq) were added. The
solution was purged with argon for 5 min before the addition of Cul (0.30 g, 1.57 mmol, 0.1 eq) and
Pd(PPhs),Cl, (0.55 g, 0.78 mmol, 0.05 eq). EA was added after 1h and washed twice with brine. The
organic phase was then dried over Na,SO,, filtered and concentrated under reduced pressure. The
residue was purified via column chromatography (PE/EA 0 -> 15%) and yielded the pure product as a
slightly yellow foam (7.79 g, 72% yield).

IH NMR (CDCls, 400MHz): & = 0.25 (s, 9H, H-TMS), 4.69 (dd, J= 12.1, 3.7 Hz, 1H, H-5'), 4.80 (m, 1H, H-
4'), 4.86 (dd, )= 12.1, 3.1 Hz, 1H, H-5"), 6.09 (m, 1H, H-3’), 6.15 (m, 1H, H-2’), 6.64 (d, J= 5.3 Hz, 1H, H-
1’), 7.33-7.43 (m, 4H, Bz), 7.45-7.63 (m, 6H, Bz, H-8), 7.91 (d, J= 7.4 Hz, 2H, Bz), 7.99 (dd, J= 7.4 Hz, 2H,
Bz), 8.11 (dd, J= 7.4 Hz, 2H, Bz), 8.58 (s, 1H, H-2) ppm.

13C NMR (CDCls, 100MHz): & = -0.16 (CHs, TMS), 63.66 (CH,-5’), 71.53 (CH-3’), 74.23 (CH-2’), 80.70 (CH-
4'), 86.99 (CH-1'), 95.60 (C-ethynyl), 99.14 (C-ethynyl), 99.30 (C-7), 117.83 (C-5), 128.50 (C-Bz), 128.66
(CH-Bz), 128,71 (CH-Bz), 128.81 (C-Bz), 128.87 (CH-Bz), 129.44 (C-Bz), 129.86 (CH-Bz), 129.98 (2x CH-
Bz), 130.69 (CH-8), 133.64 (CH-Bz), 133.91 (CH-Bz), 133.94 (CH-Bz), 150.98 (C-4), 152.05 (CH-2), 153.79
(C-6), 165.17 (C=0-Bz), 165.49 (C=0-Bz), 166.28 (C=0-Bz) ppm.

HRMS (ESI): calculated for C37H33CIN30O5Si ([M+H]*): 694.17708, found: 694.1771.

Synthesis of 4-chloro-5-trifluoromethyl-N7-(2’, 3’, 5’-tri-O-benzoyl-B-D-ribofuranosyl)-pyrrolo[2,3-
d]pyrimidine (6)

CFs

O__N ). C
BzO/\g /:;\\(
s NN

BZO\\ I’OBz

Cul (4.74 g, 24.87 mmol, 3 eq) and KF (4.13 g, 24.86 mmol, 3 eq) are added to a mixture of NMP/DMF
1:1 (40 mL), previously purged with argon. Then, TMSCFs (3.68 mL, 24.87 mmol, 3 eq) is added to the
solution dropwise in the course of 1 h. Compound 3 (6 g, 8.29 mmol, 1 eq) was dissolved in NMP/DMF
1:1 (40 mL, purged with argon), and added to the reaction mixture. After 1h heating at 110°C, EA (80
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mL) and water (100 mL) were added followed by filtration of the mixture over celite. The filtrate was
washed with brine and dried over Na,SO4. The residue was purified via column chromatography (PE/EA
5 ->30%) and afforded 6 as a slightly yellow foam (3.85 g, 70% vyield).

IH NMR (CDCls, 400MHz): & = 4.71 (dd, J= 12.3, 3.6 Hz, 1H, H-5), 4.84 (m, 1H, H-4’), 4.91 (dd, J= 12.3,
3.0 Hz, 1H, H-5'), 6.11-6.15 (m, 1H, H-3'), 6.16-6.22 (m, 1H, H-2’), 6.68 (d, J= 5.4 Hz, 1H, H-1’), 7.34 —
7.51 (m, 6H, H-Bz), 7.52 - 7.65 (m, 3H, H-Bz), 7.83 (s, 1H, H-8), 7.92 (dd, J= 8.3;1.3 Hz, 2H, H-Bz), 8.01
(dd, J= 8.4;1.3 Hz, 2H, H-Bz), 8.10 (dd, J= 8.4; 1.2 Hz, 2H, H-Bz), 8.66 (s, 1H, H-2) ppm.

13C NMR (CDCls, 100MHz): & = 63.53 (CH,-5"), 71.56 (CH-3’), 74.36 (CH-2’), 81.12 (CH-4’), 87.54 (CH-1’),
107.23 (q, Yc = 39.28 Hz, C-7), 114.36 (C-5), 121.87 (g, Yicr = 267.32 Hz, CFs), 127.82 (q, 3Jicp = 5.92
Hz, CH-8), 128.41 (C-Bz), 128.70 (CH-Bz), 128.75 (CH-Bz), 128.88 (CH-Bz), 129.28 (C-Bz), 129.77 (CH-
Bz), 129.99 (2x CH-Bz), 133.80 (CH-Bz), 133.98 (CH-Bz), 134.03 (CH-Bz), 152.15 (C-4), 152.43 (CH-2),
152.76 (C-6), 165.21 (C=0-Bz), 165.49 (C=0-Bz), 166.24 (C=0-Bz) ppm. One C-Bz missing.

F NMR (CDCI3, 377MHz): § = -56.16 ppm.

HRMS (ESI): calculated for Cs3H24CIF3N3O7 ([M+H]*): 666.12498, found: 666.1247.

Synthesis of 3-iodo-allopurinol (10)

Allopurinol (10 g, 73.47 mmol, 1 eq) and N-iodosuccinimide (18.18 g, 80.82 mmol, 1.1 eq) were
dissolved in DMF (100 mL). The reaction mixture was stirred at 80°C in the dark. After 16 h, the reaction
mixture was cooled to 0°C and ice-cold water (100 mL) and 2M solution of Na,S;03 (100 mL) were
added. Filtrating the precipitate delivered the product as a white solid (19.25 g, 78%) after it was dried
in vacuo.

IH NMR (CDCls, 400MHz): & = 8.01 (s, 1H), 12.09 (br s, 1H), 13.81 (br s, 1H) ppm.

HRMS (ESI): calculated for CsH,IN4O ([M-H]*): 260.92792, found: 260.9277.

Synthesis of 3-iodo-4-oxo -N1-(2’, 3’, 5’-tri-O-benzoyl-B-D-ribofuranosyl)-pyrazolo[3,4-d]pyrimidine
(11)

|
N=
o__N 0
ST N
BzO 0Bz

lodinated allopurinol (5 g, 19.08 mmol, 1 eq) and 1-O-acetyl-2,3,5-tri-O-Benzoyl-B-d-ribofuranose
(12.52 g, 24.81 mmol, 1.3 eq) were added in a previously oven-dried flask under argon atmosphere.
Dry nitromethane (40 mL) was added and heated to 100°C. Next, boron trifluoride etherate (3.06 mL,
24.81 mmol, 1.3 eq) was added and stirred for 80 min. The reaction mixture was concentrated, purified
via column chromatography (DCM/MeOH 0 -> 5%) and delivered the product as a white foam (1.85 g,
15%).

'H NMR (CDCl3, 400MHz): 6 = 4.65 (dd, J= 12.1, 4.6 Hz, 1H, H-5’), 4.78 (dd, J= 12.1, 3.6 Hz, 1H, H-5’),
4.82 —4.88 (m, 1H, H-4’), 6.24 (t, J=5.7 Hz, 1H, H-3’), 6.36 (dd, J= 3.1; 5.4 Hz, 1H, H-2’), 6.68 (d, J=3.1
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Hz, 1H, H-1’), 7.33 = 7.50 (m, 6H, H-Bz), 7.52 — 7.62 (m, 3H, H-Bz), 7.93 — 8.01 (m, 4H, H-Bz), 8.03 (s,
1H, H-2), 8.05 — 8.13 (m, 2H, H-Bz), 11.62 (s, 1H, 6-OH) ppm.

13C NMR (CDCl;, 100MHz): & = 63.82 (CH,-5’), 71.86 (CH-3’), 74.74 (CH-2’), 80.60 (CH-4’), 87.55 (CH-
1’), 93.33 (C-7), 109.53 (C-5), 128.62 - 128.67 - 128.71 (3 x CH-Bz), 128.81 — 128.93 — 129.67 (3x C-Bz),
129.93 - 130.01 - 130.05 (CH-Bz), 133.31 — 133.73 — 133.87 (CH-Bz), 147.70 (CH-2), 153.68 (C-4),
158.86 (C-6), 165.23 — 165.38 — 166.43 (C=0 Bz) ppm.

HRMS (ESI): calculated for C31H24IN4Og ([M+H]*): 707.06338, found: 707.0638.

Synthesis of 4-oxo-3-((triethylsilyl)ethynyl)-N1-(2’, 3’, 5’-tri-O-benzoyl-B-D-ribofuranosyl)-
pyrazolo[3,4-d]pyrimidine (18)

TES
4
N=
O_N o
NH

Compound 11 (1.85 g, 2.62 mmol, 1 eq) was dissolved in DMF (13 mL) and triethylamine (1.10 mL,7.86
mmol, 3 eq) and triethylsilylacetylene (0.99 mL, 7.86 mmol, 3 eq) were added. The solution was purged
with argon for 5 min before the addition of Cul (0.05 g, 0.26 mmol, 0.1 eq) and Pd(PPhs),Cl, (0.09 g,
0.13 mmol, 0.05 eq). EA was added after 1h and washed twice with brine. The organic phase was then
dried over Na,SO,, filtered and concentrated under reduced pressure. The residue was purified via
column chromatography (PE/EA 20 -> 100%) and yielded the pure product as an off-white foam (1.38
g, 73% yield).

'H NMR (CDClz, 400MHz): 6§ = 0.77 (q, J= 7.9Hz, 6H, CH3-CH,-Si), 1.12 (t, J= 7.9 Hz, 9H, CH3-CH,-Si), 4.76
(dd, J=12.0, 4.9 Hz, 1H, H-5’), 4.86 (dd, J= 12.0, 3.6 Hz, 1H, H-5’), 4.84 (m, 1H, H-4’), 6.24 (t, J= 5.9 Hz,
1H, H-3’), 6.37 (dd, J=5.2, 2.9 Hz, 1H, H-2’), 6.73 (d, J=2.8 Hz, 1H, H-1’), 7.33 —7.47 (m, 6H, CH-Bz), 7.49
—7.62 (m, 3H, CH-Bz), 7.91 (s, 1H, H-2), 7.93 — 8.00 (m, 4H, CH-Bz), 8.10 (d, J= 7.3Hz, 2H, H-Bz), 12.00
(brs, 1H, 6-NH) ppm.

13C NMR (CDCls, 100MHz): § = 4.37 (CH3-CHa-Si), 7.60 (CH3-CHa-Si), 64.00 (CH»-5’), 71.97 (CH-3'), 74.75
(CH-2’),80.53 (CH-4’), 87.82 (CH-1’), 95.90 (C-ethynyl), 99.79 (C-ethynyl), 108.05 (C-5), 128.59 — 128.61
— 128.65 (CH-Bz), 128.88 — 128.98 — 129.68 (C-Bz), 129.33 — 130-01 — 130.04 (CH-Bz), 132.66 (C-7),
130.19 — 133.68 — 133.82 (CH-Bz), 147.61 (CH-2), 153.17 (C-4), 158.59 (C-6), 165.21 - 165.36 - 166.43
(C=0 Bz) ppm.

HRMS (ESI): calculated for C3oH3sN4OsSi ([M+H]*): 719.25318, found: 719.2534.

Synthesis of 4-chloro-3-((triethylsilyl)ethynyl)-N1-(2’, 3’, 5’-tri-O-benzoyl-B-D-ribofuranosyl)-
pyrazolo[3,4-d]pyrimidine (19)

Compound 18 (2.5 g, 3.48 mmol, 1 eq) was dissolved in chloroform (35 mL). Then, DMF (2 mL) and
thionyl chloride (3.5 mL) were added. After 1h stirring at 75°C, the solution was cooled to 0°C and ice
and saturated NaHCOs solution were added. Organic layer was washed twice with sat. NaHCOs, dried
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over Na,SO,, filtered and concentrated under reduced pressure. The residue was purified via column
chromatography (PE/EA O -> 30%) and afforded 19 as a white foam (1.8 g, yield of 70%).

'H NMR (CDCls, 400MHz): & = 0.78 (q, J= 7.8Hz, TES), 1.09 (t, J= 7.9 Hz, TES), 4.65 (dd, J= 12.1, 4.8 Hz,
1H, H-5), 4.77 (dd, J= 12.1, 3.8 Hz, 1H, H-5’), 4.86 (m, 1H, H-4’), 6.25 (t, J= 5.9 Hz, 1H, H-3’), 6.44 (dd,
J=3.4; 5.4 Hz, 1H, H-2), 6.87 (d, J= 3.3 Hz, 1H, H-1), 7.34 — 7.59 (m, 9H, CH-Bz), 7.94 — 8.00 (m, 4H, CH-
Bz), 8.09 (d, J= 7.4Hz, 2H, H-Bz), 8.74 (s, 1H, H-2) ppm.

13C NMR (CDCls, 100MHz): & = 4.22 (CH3-CH,-Si), 7.59 (CH3-CH,-Si), 63.87 (CH,-5’), 71.91 (CH-3’), 74.46
(CH-2’), 80.64 (CH-4’), 87.94 (CH-1’), 94.99 (C-ethynyl), 102.14 (C-ethynyl), 114.85 (C-5), 128.61 —
128.64 — 128.66 (CH-Bz), 128.93, (C-Bz), 129.63 (C-Bz), 130.0 (C-7, via HMBC) , 129.89 (CH-Bz) — 130-
00 (2x CH-Bz), 130.21 (C-Bz), 133.24 — 133.76 — 133.88 (CH-Bz), 154.22 (C-4), 155.69 (CH-2), 156.02 (C-
6), 165.20 - 165.40 - 166.36 (C=0 Bz) ppm.

HRMS (ESI): calculated for C3oH3sCIN4O;Si ([M+H]*): 737.21928, found: 737.2187

Synthesis of 4-methylamino-3-((triethylsilyl)ethynyl)-N1-(2’, 3’, 5’-tri-O-benzoyl-B-D-ribofuranosyl)-
pyrazolo[3,4-d]pyrimidine (22d)

Chlorine 19 (500 mg, 0.68 mmol, 1 eq) was dissolved in THF (3mL) and EtsN (1.5 eq, 1.02 mmol, 0.14
mL) and 2M methylamine in THF (1.5 eq, 0.51 mL) were added. After 1 h, the mixture was filtered and
the filtrate evaporated. Purification (Toluene/EA 0 -> 25%) delivered 400 mg of the product as a white
foam.

H NMR (CDCls, 400MHz): & = 0.78 (q, J= 7.9 Hz, 6H, TES), 1.10 (t, J=7.2 Hz, 9H, TES), 3.16 (d, J= 5.0 Hz,
3H, Me), 4.65 (dd, J= 4.9; 12.0 Hz, 1H, H5’), 4.73 (dd, J= 3.9; 12.0 Hz, 1H, H5’), 4.78- 4.85 (m, 1H, H4’),
6.22 (q, J= 4.8 Hz, 1H, NH), 6.27 (t, J=5.7 Hz, 1H, H3’), 6.42 (dd, J= 3.5; 5.4 Hz, 1H, H2’), 6.81 (d, J= 3.4
Hz, 1H, H1’), 7.31-7.45 (m, 6H, H-Bz), 7.49-7.58 (m, 3H, H-Bz), 7.91-8.00 (m, 4H, H-Bz), 8.08-8.14 (m,
2H, H-Bz), 8.42 (s, 1H, H2) ppm.

13C NMR (CDCls, 100MHz): & = 4.30 (3 x CHa, TES), 7.64 (3 x CHs, TES), 27.69 (CHs, Me), 64.24 (CH,-5'),
72.13 (CH-3’), 74.52 (CH-2’), 80.33 (CH-4’), 87.24 (CH-1), 97.83 (C-ethynyl), 100.20 (C-ethynyl), 103.05
(C-5), 128.26 (C-Bz), 128.53- 128.56- 128.59 (3x CH-Bz), 128.98 (C-Bz), 129.06 (C-Bz), 129.78 (C-7),
129.93- 130.01- 130.08 (3x CH-Bz), 133.08- 133.61- 133.70 (CH-Bz), 154.10 (C-6/4), 157.47 (CH-2),
157.78 (C-6/4), 165.18- 165.40- 166.43 (3x C=0, Bz) ppm.

HRMS (ESI): calculated for CaoHa2NsO;Si ([M+H]*): 732.28480, found: 732.2841

Synthesis of 4-(cyclopentylamino)-3-((triethylsilyl)ethynyl)-N1-(2’, 3’, 5’-tri-O-benzoyl-B-D-
ribofuranosyl)-pyrazolo[3,4-d]pyrimidine (22b)

TES
N=( H
(0] q N
N
o~ O
o N§/N
BzO OBz
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Chlorine 19 (1.02 g, 1.38 mmol, 1 eq) was dissolved in DMF (10 mL) and EtsN (1.1 eq, 1.52 mmol, 0.21
mL) and cyclopentylamine (1.1 eq, 1.52 mmol, 0.15 mL) were added. After stirring 1h, the mixture was
diluted with EA and washed 2 times with brine. After drying the organic phase over Na;SO, and
evaporation, the crude was purified via flash column chromatography (PE/EA 5 -> 30%). This delivered
0.99 g (yield: 97%) of the product as a white foam and was used in the next step without detailed
characterization.

'H NMR (CDCls, 400MHz): 6 = 0.78 (q, J= 7.9 Hz, 6H, TES), 1.09 (t, J=7.9 Hz, 9H, TES), 1.53 (m, 2H,
Cyclopentyl), 1.75 (m, 4H, cyclopentyl), 2.21 (m, 2H, cyclopentyl), 4.60-4.75 (m, 3H, 2x H5’, CH-
cyclopentyl), 4.81 (m, 1H, H4’), 6.22-6.31 (m, 2H, H3’, NH), 6.42 (dd, J= 3.6; 5.2 Hz, 1H, H2’), 6.79 (d, J=
3.5 Hz, 1H, H1’), 7.32-7.45 (m, 6H, H-Bz), 7.49-7.58 (m, 3H, H-Bz), 7.91-7.98 (m, 4H, H-Bz), 8.08-8.13
(m, 2H, H-Bz), 8.41 (s, 1H, H2) ppm.

Synthesis of 4-(benzylamino)-3-((triethylsilyl)ethynyl)-N1-(2’, 3’, 5’-tri-O-benzoyl-B-D-
ribofuranosyl)-pyrazolo[3,4-d]pyrimidine (22a)

o
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Chlorine 19 (1.8 g, 2.44 mmol, 1 eq) was dissolved in DMF (10 mL) and EtsN (1.1 eq, 2.69 mmol, 0.38
mL) and benzylamine (1.1 eq, 2.69 mmol, 0.30 mL) were added. After 15 min, the mixture was diluted
with EA and washed 2 times with brine. After drying the organic phase over Na,SO4 and evaporation,
the crude was purified via flash column chromatography (PE/EA 5 -> 40%). This delivered 1.9 g (yield:
96%) of the product as a white foam and was used in the next step without further characterization.

Synthesis of 4-(p-methoxybenzylamino)-3-((triethylsilyl)ethynyl)-N1-(2’, 3’, 5’-tri-O-benzoyl-B-D-
ribofuranosyl)-pyrazolo[3,4-d]pyrimidine (22c)

o
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Chlorine 19 (1.5 g, 2.07 mmol, 1 eq) was dissolved in DMF (15 mL) and Et3N (1.1 eq, 2.28 mmol, 0.32
mL) and paramethoxybenzylamine (1.1 eq, 2.28 mmol, 0.30 mL) were added. After 30 min, the mixture
was diluted with EA and washed 2 times with brine. After drying over Na,SO, and evaporation, the
crude was purified via flash column chromatography (PE/EA 5 -> 50%). This delivered 1.5 g (yield: 87%)
of the product as a white foam and was used in the next step without further characterization.

Synthesis of 3-ethynyl-4-oxo-N1-(2’, 3’, 5’-tri-O-benzoyl-B-D-ribofuranosyl)-pyrazolo[3,4-
d]pyrimidine (23)

V4
o 4=
N O
o~
 _NH
BzO OBz N

TES-protected intermediate 18 (500 mg, 0.7 mmol, 1 eq) was dissolved in THF and TBAF (1M in THF;
0.77mL, 0.77mmol, 1.1 eq) was added. After 1 h, H,O was added, the mixture extracted with DCM (x2)
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and the organic layer dried over Na,SO4. Flash column chromatography (PE/EA 40 -> 100 %) delivered
the product (300 mg) in 71% vyield. No cyclisation occurred as determined via LCMS and *H NMR
(presence of NH and H-ethynyl).

IH NMR (CDCls, 400MHz): & 3.46 (s, 1H, Ethynyl), 4.65 (dd, J= 4.7; 12.1 Hz, 1H, H5"), 4.78 (dd, J= 3.7;
12.2 Hz, 1H, H5’), 4.83-4.88 (m, 1H, H4’), 6.29 (m, 1H, H3’), 6.32 — 6.36 (m, 1H, H2"), 6.74 (d, )= 2.6 Hz,
1H, H1’), 7.34-7.47 (m, 6H, H-Bz), 7.51-7.60 (m, 3H, H-Bz), 7.93-8.02 (m, 4H, H-Bz), 8.05 (d, J= 2.7Hz,
1H, H-2), 8.08- 8.12 (m, 2H, H-Bz), 11.94 (br s, 1H, NH) ppm.

Synthesis of 4-mercapto-3-((triethylsilyl)ethynyl)-N1-(2’, 3’, 5’-tri-O-benzoyl-B-D-ribofuranosyl)-
pyrazolo[3,4-d]pyrimidine (27)

TES

Vi

B0 0Bz ¥

Chlorine 19 (0.33 g, 0.46 mmol, 1 eq) was dissolved in EtOH (5 mL) and thiourea (0.070 g, 0.91, 2eq)
was added. After 2 h stirring at 80°C under reflux, the mixture was evaporated on celite and purified
via flash column chromatography (PE/EA 10 -> 50%). This delivered 0.40 g (yield: 91%) of the product
as a slightly yellow foam.

H NMR (CDCls, 400MHz): & = 0.78 (g, J= 7.9Hz, CH3-CH,-Si), 1.10 (t, J= 7.9 Hz, CH3-CH,-Si), 4.65 (dd, J=
12.1, 4.8 Hz, 1H, H-5’), 4.76 (dd, J= 12.1, 3.7 Hz, 1H, H-5’), 4.81-4.87 (m, 1H, H-4"), 6.24 (m, 1H, H-3"),
6.36 (dd, J=5.4, 3.1 Hz, 1H, H-2), 6.67 (d, J= 3.1 Hz, 1H, H-1’), 7.33 - 7.47 (m, 6H, CH-Bz), 7.50- 7.59 (m,
3H, CH-Bz), 7.79 (s, 1H, H-2), 7.93 — 8.00 (m, 4H, CH-Bz), 8.06- 8.11 (m, 2H, H-Bz), 10.70 (br s, 6-SH)
ppm.

13C NMR (CDCl3, 100MHz): & = 4.28 (CH3-CH,-Si), 7.68 (CH3-CH,-Si), 63.87 (CH»-5’), 71.91 (CH-3’), 74.63
(CH-2’), 80.64 (CH-4’), 88.03 (CH-1’), 95.84 (C-ethynyl), 101.61 (C-ethynyl), 118.15 (C-5), 128.62 (CH-
Bz), 128.66 (2 x CH-Bz), 128.82 — 128.96 — 129.6 (C-Bz), 129.94 — 130-02 — 130.04 (CH-Bz), 133.25 -
133.72 — 133.86 (CH-Bz), 134.70 (C-7), 145.84 (CH-2), 147.48 (C-4), 165.22 - 165.36 - 166.43 (C=0 Bz),
178.77 (C6) ppm.

Synthesis of N1-(2’, 3’, 5’-tri-O-benzoyl-B-D-ribofuranosyl)-5-thia-1,2,6,8-tetraazaacenaphtylene
(28)

Intermediate 27 (220 mg, 0.299 mmol, 1leq) is dissolved in THF (5.5 mL) and TBAF (0.36 mL 1M, 0.36
mmol, 1.1 eq) was added. After 1h stirring at RT, H,O was added and extracted with EA (x2). After
drying over Na,SO, the crude was purified via flash column chromatography (T/EA 0 -> 30%) and
delivered the product as a white foam (160 mg, 87%).

The systematic numbering of acenaphtylene ring is highlighted. In the NMR characterization, the
purine nomenclature is used.

IH NMR (CDCls, 400MHz): & = 4.59-4.64 (m, 1H, H5’), 4.79- 4.89 (m, 2H, H5’, H4’), 6.34 (m, 1H, H3’),
6.37-6.41 (m, 1H, H2’), 6.73 (d, J= 3.0 Hz, 1H, H1’), 6.91 (d, J= 9.8 Hz), 7.05 (d, J= 9.8 Hz), 7.34-7.43 (m,
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6H, H-Bz), 7.51-7.61 (m, 3H, H-Bz), 7.94-8.00 (m, 4H, H-Bz), 8.08-8.13 (m, 2H, H-Bz), 8.62 (s, 1H, H2)
ppm.

13C NMR (CDCls, 100MHz): & = 63.83 (CH,-5’), 72.00 (CH-3’), 74.85 (CH-2’), 80.50 (CH-4’), 87.65 (CH-
1’), 114.98 (C-5), 118.50 (CH), 128.48 - 128.63 — 128.67 (3 x CH-Bz), 129.13 (CH), 128.82 — 128.95 —
129.81 (C-Bz), 129.95 — 130.02 — 130.04 (CH-Bz), 133.28 — 133.75 — 133.86 (CH-Bz), 144.32 (C-7),
151.41 (C-4), 157.19 (C-2), 164.15 (C-6), 165.28 - 165.47 - 166.28 (C=0 Bz) ppm.
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Initial synthesis of cyclised nucleoside 15a, side product 16 & its NMR-analysis
Synthesis of 4-oxo-3-((trimethylsilyl)ethynyl)-N1-(2’, 3’, 5’-tri-O-benzoyl-B-D-ribofuranosyl)-
pyrazolo[3,4-d]pyrimidine (12)

T™S
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N (0]
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Bz0  oBz N

lodinated allopurinol riboside 11 (1.83 g, 2.59 mmol, 1 eq) was dissolved in DMF (7 mL) and
triethylamine (3.61 mL, 25.9 mmol, 10 eq) and trimethylsilylacetylene (3.59 mL, 25.9 mmol, 10 eq)
were added. The solution was purged with argon for 5 minutes before the addition of Cul (0.050 g,
0.26 mmol, 0.1 eq) and Pd(PPhs),Cl; (0.091 g, 0.13 mmol, 0.05 eq). EA was added after 4 h and the
organic layer washed twice with brine. The organic phase was then dried over Na,SO,, filtered and
concentrated under reduced pressure. The residue was purified via column chromatography (PE/EA
15 -> 100%) and yielded the pure product as a slightly yellow foam (1.0 g, 57% yield).

'H NMR (CDCls, 400MHz): 6 0.34 (s, 9H, TMS), 4.66 (dd, J=4.8; 12.1 Hz, 1H, H5’), 4.76 (dd, J=3.7; 12.2
Hz, 1H, H5’), 4.84 (m, 1H, H4’), 6.28 (m, 1H, H3'), 6.33 — 6.37 (m, 1H, H2"), 6.72 (d, J= 2.8 Hz, 1H, H1"),
7.32-7.47 (m, 6H, H-Bz), 7.50-7.60 (m, 3H, H-Bz), 7.93-8.02 (m, 5H, H-Bz, H2), 8.08- 8.11 (m, 2H, H-Bz),
11.73 (s, 1H, NH) ppm.

Synthesis of 4-chloro-3-((trimethylsilyl)ethynyl)-N1-(2’, 3’, 5’-tri-O-benzoyl-B-D-ribofuranosyl)-
pyrazolo[3,4-d]pyrimidine (13)
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Compound 12 (1 g, 1.48 mmol, 1 eq) was dissolved in chloroform (14 mL). Then, DMF (0.75 mL) and
thionyl chloride (1.48 mL) were added. After 1.5 h stirring at 75°C, the solution was cooled to 0°C and
ice and saturated NaHCOs; solution were added. The organic layer was washed twice with sat. NaHCO;,
dried over Na,SO,, filtered and concentrated under reduced pressure. The residue was purified via
column chromatography (PE/EA 0 -> 20%) and afforded 13 as a white foam (0.75 g, yield of 73%).

'H NMR (CDCls, 400MHz): 6 0.34 (s, 9H, TMS), 4.64 (dd, J= 4.8; 12.0 Hz, 1H, H5’), 4.76 (dd, J=3.6; 12.1
Hz, 1H, H5’), 4.83- 4.89 (m, 1H, H4’), 6.28 (m, 1H, H3’), 6.40 (dd, J= 3.1; 5.4 Hz, 1H, H2’), 6.88 (d, J=3.1
Hz, 1H, H1’), 7.34-7.48 (m, 6H, H-Bz), 7.52-7.60 (m, 3H, H-Bz), 7.93-7.99 (m, 4H, H-Bz), 8.07- 8.11 (m,
2H, H-Bz), 8.75 (s, 1H, H2) ppm.

Synthesis of 4-benzylamino-3-((trimethylsilyl)ethynyl)-N1-(2’, 3’, 5’-tri-O-benzoyl-B-D-
ribofuranosyl)-pyrazolo[3,4-d]pyrimidine (14)

TMS
Vi
N=( H
(0} NI N\/©
50" ()"
S N
BzO 0Bz N
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Chlorine 13 (300 mg, 0.43 mmol, 1 eq) was dissolved in DMF (5 mL) and EtsN (0.060 mL, 0.43 mmol,
1.0 eq) and benzylamine (0.048 mL, 0.43 mmol, 1 eq) were added. After stirring 1 h, the mixture was
diluted with EA and washed 2 times with brine. After drying the organic layer over Na,;SO,; and
evaporation, the crude was purified via flash column chromatography (PE/EA 5 -> 40%). This delivered
0.120 g (yield: 63%) of the product as a white foam and was used in the next step (deprotection)
without detailed characterization.

Synthesis of 5-benzyl-1-(B-D-ribofuranosyl)-1,2,5,6,8-pentazaacenaphtylene 15a (& side product
16)

12
1 OMe
— Y10
N= N=— H
O.__N N\/© O_N N
Ho T Ho T
N ., N & -, N
HO'  oH N HO'  oH N
15a 16

Intermediate 14 (0.12 g, 0,15 mmol, 1 eq) was dissolved in MeOH (2 mL) and DCM (2 mL) followed by
addition of K,COs; (10 mg, 0.075 mmol, 0.5 eq). After 6h, the reaction mixture was filtered and the
filtrate purified via flash column chromatography (DCM/MeOH 0 -> 10%).

'H NMR analysis revealed the absence of the NH- and ethynyl- proton and the presence of two
doublets (ltalics), matching with the 6-endo dig cyclized product 25:

4 NMR (DMSO-d6, 400MHz): & = 3.42-3.50 (m, 1H, H-5"), 3.55-3.62 (m, 1H, H-5'), 3.91 (dd, J=9.3; 4.5
Hz, 1H, H4’), 4.20 (dd, J=9.6; 5.0 Hz, 1H, H-3’), 4.64 (dd, J= 10.63; 5.1Hz, 1H, H-2’), 4.87 (dd, J=6.5; 5.2
Hz, 1H, 5’-OH), 5.12 (d, J= 5.4 Hz, 1H, 3’-0H), 5.20 (s, 2H, CH,-benzyl), 5.37 (d, J= 6.0 Hz, 1H, 2’-OH),
5.92 (d, J= 4.9 Hz, 1H, H-1"), 6.51 (d, J= 7.6 Hz, 1H), 7.26-7.37 (m, 5H, H-phe),7.40 (d, J= 7.6 Hz, 1H),
8.39 (s, 1H, H-2) ppm.

LCMS and NMR analysis showed the presence of a side material, presumed to be MeOH adduct 26.

'H NMR:

KERRRRRREEEEESEERSSE LB R LR R bE RN bt B E R ER R R R e bl S SR R S B ok b b B R R B R RE

7.
7.
7
7
7.
7.
7.
7.
7
6.
6.
6.
6.
6.
5.
5.
5.
5.
5.
5.
5.
5.
5.
5.
5.
5.
5.
5.
1.
4.
4.
L
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3
3.
3
3.
2
2
2
2
2
2,
2
2
2
2
1
_—123
——117
000
=201

! 1L L PR

B9 % B B HEEE B RN

T T T . T
10 8 6 4 2 o [ppm]

S21



Indications for the formation of MeOH adduct 16 (+/- 10%):

'H NMR (DMSO-d6, 400MHz): & = 3.65 (s, 3H, OMe), 5.73 (d, J= 7.0 Hz, 1H, H-10), 6.51 (d, J= 7.1 Hz,
1H, H-11) ppm

3C NMR (CDCls, 100MHz): 6 = 60.48 (CHs, OMe), 95.48 (CH, C10), 151.19 (CH, C11) ppm

R

35 34 [ppm]

3T
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Synthesis of final nucleosides
Synthesis of 4-benzylamino-5-ethynyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (7a)
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Compound 7a was synthesized according to general procedure A (starting with 890 mg of 5), followed
by general procedure B. This delivered 76 mg of the product in 16 % yield over 2 steps.

'H NMR (DMSO-d6, 400MHz): & = 3.50-3.57 (m, 1H, H-5’), 3.60-3.68 (m, 1H, H-5’), 3.91 (m, 1H, H4’),
4.09 (m, 1H, H-3’), 4.29 (s, 1H, H-ethynyl), 4.39 (dd, J= 11.4; 6.0Hz, 1H, H-2’), 4.75- 4.86 (m, 2H, CH,-
benzyl), 5.13 (d, J=4.8 Hz, 1H, 3’-OH), 5.18 (t, J= 5.5Hz, 1H, 5’-0OH), 5.35 (d, ] = 6.3 Hz, 1H, 2’-0H), 6.04
(d, J= 6.1 Hz, 1H, H-1’), 6.81 (t, J= 6.1 Hz, 1H, NH), 7.20-7.37 (m, 5H, H-phe),7.86 (s, 1H, H-8), 8.20 (s,
1H, H-2) ppm.

13C NMR (DMSO-d6, 100MHz): § = 43.27 (CHx-benzyl), 61.47 (C-5'), 70.48 (C-3'), 74.03 (C-2’), 77.16 (C-
ethynyl), 83.47 (CH-ethynyl), 85.29 (C-4), 87.27 (C-1’), 93.59 (C-7), 102.62 (C-5), 126.78 (CH-phe),
126.94 (CH-phe), 127.63 (C-8), 128.39 (CH-Phe), 139.65 (C-Phe), 149.05 (C4), 152.62 (C2), 156.27 (C-6)

HRMS (ESI): calculated for CaoH21N4O4 ([M+H]*): 381.15573, found: 381.1555.

Synthesis of 4-(((S)-1-phenylethyl)amino)-5-ethynyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-
d]pyrimidine (7b)

Vi
o o H\/©

Compound 7b was synthesized according to general procedure A (starting with 1.0 g of 5), followed by
general procedure B. This delivered 370 mg of the product in 81 % yield over 2 steps.

IH NMR (DMSO-d6, 400MHz): & = 1.55 (d, J= 6.8Hz, 3H, CHs), 3.49-3.57 (m, 1H, H-5), 3.59-3.68 (m, 1H,
H-5’), 3.91 (m, 1H, H4’), 4.09 (m, 1H, H-3"), 4.36 (dd, J= 11.4; 6.0Hz, 1H, H-2"), 4.47 (s, 1H, H-ethynyl),
5.12 (d, J=5.0 Hz, 1H, 3’-OH), 5.16 (t, J= 5.5Hz, 1H, 5’-OH), 5.34 (d, ] = 6.2 Hz, 1H, 2’-OH), 5.43 (m, 1H,
CH-benzyl), 6.02 (d, J= 6.1 Hz, 1H, H-1’), 6.45 (d, J= 8.0 Hz, 1H, NH), 7.21-7.46 (m, 5H, H-phe),7.88 (s,
1H, H-8), 8.18 (s, 1H, H-2) ppm.

13C NMR (DMSO-d6, 100MHz): & = 22.92 (CHs), 49.16 (CH-benzyl), 61.44 (C-5’), 70.44 (C-3’), 74.10 (C-
2’), 77.54 (C-ethynyl), 83.62 (CH-ethynyl), 85.29 (C-4’), 87.23 (C-1’), 93.29 (C-7), 102.61 (C-5), 125.69
(CH-Phe), 126.95 (CH-phe), 127.51 (C-8), 128.39 (CH-Phe), 144.16 (C-Phe), 149.92 (C4), 152.70 (C2),
155.60 (C-6) ppm.

HRMS (ESI): calculated for C21H23N404 ([M+H]*): 395.17138, found: 381.1711.

Synthesis of 4-(((R)-1-phenylethyl)amino)-5-ethynyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-
d]pyrimidine (7c)
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Compound 7c was synthesized according to general procedure A (starting with 1.0 g of 5), followed by
general procedure B. This delivered 350 mg of the product in 78 % yield over 2 steps.

IH NMR (DMSO-d6, 400MHz): & = 1.55 (d, J= 6.8Hz, 3H, CHs), 3.49-3.57 (m, 1H, H-5’), 3.59-3.68 (m, 1H,
H-5), 3.90 (m, 1H, H4’), 4.09 (m, 1H, H-3’), 4.38 (dd, J= 11.4; 6.0Hz, 1H, H-2’), 4.47 (s, 1H, H-ethynyl),
5.13 (d, J= 4.8 Hz, 1H, 3’-OH), 5.17 (t, J= 5.6Hz, 1H, 5’-OH), 5.35(d, J = 6.4 Hz, 1H, 2’-OH), 5.44 (m, 1H,
CH-benzyl), 6.02 (d, J= 6.0 Hz, 1H, H-1'), 6.46 (d, J= 8.0 Hz, 1H, NH), 7.21-7.47 (m, 5H, H-phe),7.88 (s,
1H, H-8), 8.18 (s, 1H, H-2) ppm.

13C NMR (DMSO-d6, 100MHz): & = 22.93 (CHs), 49.18 (CH-benzyl), 61.44 (C-5’), 70.44 (C-3'), 74.10 (C-
2’), 77.52 (C-ethynyl), 83.63 (CH-ethynyl), 85.31 (C-4’), 87.33 (C-1’), 93.30 (C-7), 102.68 (C-5), 125.71
(CH-Phe), 126.99 (CH-phe), 127.59 (C-8), 128.60 (CH-Phe), 144.10 (C-Phe), 148.93 (C4), 152.70 (C2),
155.60 (C-6) ppm.

HRMS (ESI): calculated for C21H23N404 ([M+H]*): 395.17138, found: 381.1715.

Synthesis of 4-((2-chlorobenzyl)amino)-5-ethynyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine
(7d)
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Compound 7c was synthesized according to general procedure A (starting with 1 g of 5), followed by
general procedure B. This delivered 180 mg of the product in 38 % yield over 2 steps.

'H NMR (DMSO-d6, 400MHz): & = 3.50 — 3.59 (m, 1H, H-5’), 3.59 — 3.69 (m, 1H, H-5’), 3.90 (dd, J= 6.9,
3.5 Hz, 1H, H-4’), 4.09 (m, 1H, H-3’), 4.33 (s, 1H, H-ethynyl), 4.39 (dd, J=11.1, 5.7 Hz, 1H, H-2'), 4.85 (d,
J= 6.5 Hz, 2H, CHa-benzyl), 5.13 (d, J= 4.4 Hz, 1H, 3’-OH), 5.17 (t, J= 5.5 Hz, 1H, 5’-OH), 5.35 (d, J= 6.0
Hz, 1H, 2’-OH), 6.04 (d, J= 6.0, 1H, H-1’), 6.93 (t, J= 6.2, 1H, NH), 7.26 — 7.37 (m, 3H, H-phe), (7.45 - 7.49
(m, 1H, H-phe), 7.88 (s, 1H, H-8), 8.18 (s, 1H, H-2) ppm.

13C NMR (DMSO-d6, 100MHz): & = 41.57 (CH,-benzyl), 61.46 (C-5'), 70.47 (C-3’), 74.04 (C-2’), 77.04 (C-
ehtynyl), 83.58 (CH-ethynyl), 85.30 (C-4’), 87.25 (C-1'), 93.64 (C-7), 102.84 (C-5), 127.21 (CH-phe),
127.70 (C8), 128.58 (2 x CH-phe), 129.21 (CH-phe), 132.03 (C-phe), 136.57 (C-phe), 149.09 (C-4), 152.58
(C-2), 156.11 (C-6) ppm.

HRMS (ESI): calculated for CaoH20CIN4O4 ([M+H]*): 415.11678, found: 415.1164.

Synthesis of 5-ethynyl-4-((2-fluorobenzyl)amino)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine
(7g)
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Compound 7g was synthesized according to general procedure A (starting with 1 g of 5), followed by
general procedure B. This delivered 117 mg of the product in 22 % yield over 2 steps.

'H NMR (DMSO-d6, 400MHz): & = 3.50 — 3.59 (m, 1H, H-5’), 3.59 — 3.69 (m, 1H, H-5’), 3.90 (m, 1H, H-
4’), 4.09 (m, 1H, H-3’), 4.32 (s, 1H, H-ethynyl), 4.38 (dd, J= 11.4, 6.0 Hz, 1H, H-2’), 4.84 (d, J= 6.2 Hz,
2H, CH,-benzyl), 5.13 (d, J= 4.8 Hz, 1H, 3’-OH), 5.17 (t, J= 5.4 Hz, 1H, 5’-OH), 5.35 (d, J= 6.3 Hz, 1H, 2’-
OH), 6.04 (d, J= 6.0, 1H, H-1’), 6.83 (t, J= 6.2, 1H, NH), 7.11 — 7.23 (m, 2H, H-phe), 7.26 — 7.38 (m, 2H,
H-phe), 7.88 (s, 1H, H-8), 8.20 (s, 1H, H-2) ppm.

13C NMR (DMSO-d6, 100MHz): & = 37.57 (d, 3Jicr) = 4.5 Hz, CHy-benzyl), 61.47 (C-5'), 70.47 (C-3), 74.05
(C-2’), 77.06 (C-ethynyl) 83.51 (CH-ethynyl), 85.29 (C-4’), 87.25 (C-1’), 93.61 (C-7), 102.77 (C-5), 115.12
(d, e = 21.0 Hz, CH-phe), 124.37 (d, “Jicr)= 3.4 Hz, CH-phe), 126.33 (d, 2cp = 14.5 Hz, C-phe),127.72
(C-8), 128.79 (d, 3Jic;p = 8.1 Hz, CH-phe), 128.92 (d, 3J(cr) = 4.5 Hz, CH-phe), 149.08 (C-4), 152.57 (C-2),
156.17 (C-6), 160.19 (d, Yic = 243.7 Hz, C-phe) ppm.

9F NMR (DMS0-d6, 377MHz): § = -119.22 ppm

HRMS (ESI): calculated for Ca0H20FN4O4 ([M+H]*): 399.14628, found: 399.1464

Synthesis of 4-(cyclopentylamino)-5-ethynyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (7j)
4
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Compound 7j was synthesized according to general procedure A (starting with 0.4 g of 5), followed by
general procedure B. This delivered 110 mg of product 7j in 53 % yield over 2 steps.

'H NMR (DMSO-d6, 400MHz): & = 1.44-1.56 (m, 2H, H-cyclopentyl), 1.57-1.76 (m, 4H, H-cyclopentyl),
1.97-2.08 (m, 2H, H-cyclopentyl), 3.50-3.57 (m, 1H, H-5’), 3.60-3.67 (m, 1H, H-5’), 3.89-3.92 (m, 1H,
H4’), 4.08 (m, 1H, H-3"), 4.36 (dd, J= 11.2; 5.8 Hz, 1H, H-2), 4.42- 4.52 (m, 2H, H-cyclopentyl, H-ethynyl),
5.12 (d, J=4.8 Hz, 1H, 3’-OH), 5.19 (t, J=5.2Hz, 1H, 5’-0OH), 5.34 (d, ) = 6.4 Hz, 1H, 2’-OH), 6.00 (d, J=6.0
Hz, 1H, H-1), 6.12 (d, J= 7.3 Hz, 1H, NH), 7.83 (s, 1H, H-8), 8.21 (s, 1H, H-2) ppm.

13C NMR _(DMSO-d6, 100MHz): 6= 23.17 (CHx-cyclopentyl), 32.69 (CH, cyclopentyl), 32.74 (CH2
cyclopentyl), 51.71 (CH cyclopentyl), 61.48 (C-5’), 70.47 (C-3’), 74.04 (C-2’), 77.56 (C-ethynyl), 83.42
(CH-ethynyl), 85.29 (C-4’), 87.32 (C-1’), 93.27 (C-7), 102.62 (C-5), 127.27 (C-8), 148.75 (C4), 152.79 (C2),
156.10 (C-6) ppm.

HRMS (ESI): calculated for CigH23N404 ([M+H]*): 359.17139, found: 359.1711.

Synthesis of 4-benzylamino-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (8a)

Compound 8a was synthesized according to general procedure A (starting with 0.77 g of 6), followed
by general procedure B. This delivered 120 mg of the product in 24 % yield over 2 steps
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'H NMR (DMSO-d6, 400MHz): & = 3.53-3.61 (m, 1H, H-5’), 3.63-3.71 (m, 1H, H-5’), 3.93 (m, 1H, H-4’),
4.12 (dd, J= 8.5; 4.8 Hz, 1H, H-3"), 4.41 (dd, J= 11.2; 5.8 Hz, 1H, H-2’), 4.83 (m, 2H, CHa-benzyl), 5.15 (d,
J=4.9 Hz, 1H, 3’-OH), 5.20 (t, J= 5.4 Hz, 1H, 5’-OH), 5.41 (d, J= 6.2 Hz, 1H, 2’-OH), 6.13 (d, J= 5.9 Hz, 1H,
H-1’), 6.56 (t, J= 5.7Hz, 1H, NH), 7.18-7.25 (m, 1H, H-phe), 7.27-7.35 (m, 4H, H-phe), 8.24 (s, 1H, H-8),
8.29 (s, 1H, H-2) ppm.

13C NMR (DMSO-d6, 100MHz): & = 43.73 (CH»-benzyl), 61.20 (C-5'), 70.24 (C-3’), 74.11 (C-2’), 85.35 (C-
4’), 87.36 (C-1’), 98.48 (C5), 103.14 (q, 2J(C,F) = 37.1, C-7), 123.58 (q, U(C,F) = 265.7 Hz, CFs), 124.19 (q,
3)(C,F) = 6.2 Hz, C8), 126.63 (CH-phe), 126.83 (CH-phe), 128.28 (CH-phe), 139.78 (C-phe), 150.89 (C-4),
152.82 (CH-2),154.81 (C-6) ppm.

9F NMR (DMS0-d6, 377MHz): § = -53.30 ppm

HRMS (ESI): calculated for C19H20F3N4O4 ([M+H]"): 425.14312, found: 425.1435.

Synthesis of 4-(((S)-1-phenylethyl)amino)-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-
d]pyrimidine (8b)

Compound 8b was synthesized according to general procedure A (starting with 0.79 g of 6), followed
by general procedure B. This delivered 257 mg of the product in 49 % vyield over 2 steps

'H NMR (DMSO-d6, 400MHz): 6 = 1.56 (d, J= 6.9 Hz, 3H, CH3), 3.52 — 3.61 (m, 1H, H-5’), 3.63 —3.72 (m,
1H, H-5’), 3.93 (dd, J= 6.7, 3.2 Hz, 1H, H-4"), 4.11 (dd, J= 8.7, 4.9 Hz, 1H, H-3’), 4.39 (dd, J= 11.4, 6.0 Hz,
1H, H-2’), 5.15 (d, J=4.9 Hz, 1H, 3’-OH), 5.18 (t, J=5.5 Hz, 1H, 5’-OH), 5.40 (d, J=6.1 Hz, 1H, 2’-OH), 5.50
(m, 1H, CH-benzyl), 5.67 (d, J= 6.2 Hz, 1H, NH), 6.12 (d, J= 5.8, 1H, H-1’), 7.20 — 7.43 (m, 5H, H-phe),
8.28 (s, 1H, H-8), 8.30 (s, 1H, H-2) ppm.

13C NMR (DMSO-d6, 100MHz): & = 22.65 (CHs), 49.56 (CH benzyl), 61.15 (C-5’), 70.19 (C-3'), 74.19 (C-
2’), 85.36 (C-4’), 87.35 (C-1’), 98.59 (C-5), 102.66 (q, Jicr) = 37.09 Hz, C-7), 123.78 (q, Yicr = 265.60 Hz,
CF3), 124.63 (q, 3Jic = 6.21 Hz, C-8), 125.67 (CH phe), 126.97, (CH phe), 128.55 (CH phe) 144.08 (C phe),
150.84 (C-4), 152.88 (C-2), 154.01 (C-6) ppm.

9F NMR (DMS0-d6, 377MHz): & = - 48.22 ppm.

HRMS (ESI): calculated for CyoH22F3sN4O4 ([M+H]*): 439.15878, found: 439.1586

Synthesis of 4-(((R)-1-phenylethyl)amino)-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-
d]pyrimidine (8c)

CF3;
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Compound 8c was synthesized according to general procedure A(starting with 0.79 g of 6), followed
by general procedure B. This delivered 242 mg of the product in 47 % yield over 2 steps.

'H NMR (DMSO-d6, 400MHz): § = 1.56 (d, J= 6.9 Hz, 3H, CH3), 3.52 = 3.61 (m, 1H, H-5"), 3.63 —3.72 (m,
1H, H-5’), 3.93 (dd, J= 7.0, 3.5 Hz, 1H, H-4’), 4.06 — 4.14 (m, 1H, H-3’), 4.42 (dd, J= 11.3, 5.8 Hz, 1H, H-
2’),5.14-5.22 (m, 2H, 3’ and 5’-OH), 5.42 (d, J= 6.2 Hz, 1H, 2’-OH), 5.50 (m, 1H, CH-benzyl), 5.67 (d, J=
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6.0 Hz, 1H, NH), 6.11 (d, J= 5.8, 1H, H-1"), 7.20 — 7.43 (m, 5H, H-phe), 8.28 (s, 1H, H-8), 8.31 (s, 1H, H-
2) ppm.

13C NMR (DMSO-d6, 100MHz): & = 22.67 (CHs), 49.58 (CH benzyl), 61.16 (C-5’), 70.20 (C-3’), 74.11 (C-
2’), 85.37 (C-4’), 87.43 (C-1’), 98.66 (C-5), 102.66 (q, Hicr) = 37.05 Hz, C-7), 123.78 (q, Yicr = 265.6 Hz,
CFs), 124.69 (q, 3Jic.n = 6.1 Hz, C-8), 125.70 (CH-phe), 127.02 (CH-phe), 128.58 (CH-phe), 144.02 (C-phe),
150.85 (C-4), 152.90 (C-2), 154.04 (C-6) ppm.

9F NMR (DMSO-d6, 377MHz): & = -52.98 ppm.

HRMS (ESI): calculated for CyoH22F3N4O4 ([M+H]"): 439.15878, found: 439.1587.

Synthesis of  4-((2-chlorobenzyl)amino)-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-
d]pyrimidine (8d)

Compound 8d was synthesized according to general procedure A (starting with 0.75 g of 6), followed
by general procedure B. This delivered 249 mg of the product in 48 % vyield over 2 steps

'H NMR (DMSO-d6, 400MHz): § = 3.53 — 3.61 (m, 1H, H-5’), 3.64 — 3.72 (m, 1H, H-5’), 3.93 (m, 1H, H-
4’), 4.11 (dd, J= 8.5, 4.9 Hz, 1H, H-3’), 4.42 (dd, J= 11.4, 5.5 Hz, 1H, H-2’), 4.88 (d, J= 5.9 Hz, 2H, CH,-
benzyl), 5.16 (d, J= 5.0 Hz, 1H, 3’-OH), 5.19 (t, J=5.7 Hz, 1H, 5’-0OH), 5.42 (d, J= 6.3 Hz, 1H, 2’-0OH), 6.13
(d,)=5.9, 1H, H-1’), 6.62 (t, J= 5.9, 1H, NH), 7.22 — 7.32 (m, 3H, H-phe), 7.43 = 7.49 (m, 1H, H-phe), 8.27
(s, 1H, H-8), 8.28 (s, 1H, H-2) ppm.

13C NMR (DMSO-d6, 100MHz): & = 42.02 (CHz-benzyl), 61.20 (C-5’), 70.25 (C-3'), 74.14 (C-2’), 85.38 (C-
4'), 87.39 (C-1'), 98.60 (C-5), 103.17 (q, Hicr) = 37.4 Hz, C-7), 123.57 (q, Yicr) = 265.88 Hz, CFs), 124.38
(a, 3 = 6.1 Hz, C-8), 127.14 — 127.97 — 128.38 — 129.15 (4x CH-phe), 131.86 (C-phe), 136.62 (C-phe),
150.95 (C-4), 152.82 (C-2), 154.71 (C-6) ppm.

19F NMR (CDCls, 377MHz): & = -53.33 ppm.

HRMS (ESI): calculated for Ci9H15CIF3N4O4 ([M+H]*): 459.10418, found: 459.1043.

Synthesis of  4-((4-chlorobenzyl)amino)-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-
d]pyrimidine (8e)

Compound 8e was synthesized according to general procedure A (starting with 0.25g of 6), followed
by general procedure B. This delivered 99 mg of the product in 58 % yield over 2 steps.

IH NMR (DMSO-d6, 400MHz): & = 3.52 — 3.61 (m, 1H, H-5’), 3.63 — 3.70 (m, 1H, H-5’), 3.93 (m, 1H, H-
4’),4.08 —4.14 (m, 1H, H-3"), 4.42 (dd, J=11.2, 5.8 Hz, 1H, H-2’), 4.73-4.88 (m, 2H), 5.13 - 5.21 (m, 2H,
3’ and 5’-0OH), 5.40 (d, J= 6.2 Hz, 1H, 2’-0OH), 6.12 (d, J='5.9, 1H, H-1'), 6.69 (t, J=5.78, 1H, NH), 7.31 -
7.40 (m, 4H, H-phe), 8.23 (s, 1H, H-8), 8.27 (s, 1H, H-2) ppm.
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13C NMR (DMSO-d6, 100MHz): 6 = 43.15 (CH, benzyl), 61.19 (CH,-5’), 70.23 (CH-3’), 74.10 (CH-2"), 85.35
(CH-4’), 87.34 (CH-1’), 98.49 (C-5), 103.18 (q, 2Jcr) = 37.2 Hz, C-7), 123.53 (q, Yicr) = 265.9 Hz, CFs),
124.21 (q, 3Jcr = 6.17 Hz, C-8), 128.19 (2x CH-phe), 128.73 (2x CH-phe), 131.08 (C-phe), 138.99 (C-
phe), 150.90 (C-4), 152.76 (CH-2), 154.70 (C-6) ppm.

9F NMR (DMSO-d6, 377MHz): & = -53.33 ppm.

HRMS (ESI): calculated for CigH13CIF3sN4O4 ([M+H]*): 459,10415, found: 459.1042.

Synthesis of  4-((3-chlorobenzyl)amino)-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-
d]pyrimidine (8f)

Compound 8f was synthesized according to general procedure A (starting with 0.25 g of 6), followed
by general procedure B. This delivered 110 mg of the product in 64 % yield over 2 steps.

'H NMR (DMSO-d6, 400MHz): § = 3.52 — 3.61 (m, 1H, H-5’), 3.63 — 3.70 (m, 1H, H-5’), 3.93 (m, 1H, H-
4’), 4.08 — 4.14 (m, 1H, H-3"), 4.41 (dd, J= 11.2, 5.8 Hz, 1H, H-2’), 4.74-4.88 (m, 2H), 5.12 = 5.21 (m, 2H,
3’ and 5’-OH), 5.41 (d, J= 6.2 Hz, 1H, 2’-OH), 6.12 (d, J= 5.8, 1H, H-1’), 6.73 (t, J= 5.8, 1H, NH), 7.25 —
7.38 (m, 4H, H-phe), 8.25 (s, 1H, H-8), 8.28 (s, 1H, H-2) ppm.

13C NMR (DMSO-d6, 100MHz): & = 43.27 (CH, benzyl), 61.17 (CH,-5’), 70.22 (CH-3"), 74.11 (CH-2’), 85.33
(CH-4"), 87.36 (CH-1’), 98.50 (C-5), 103.17 (q, Yicr = 37.2 Hz, C-7), 123.53 (q, Yicr = 265.8 Hz, CFs),
124.26 (g, 3icr = 6.2 Hz, C-8), 125.53 (CH-phe), 126.53 (CH-Phe), 126.68 (CH-phe), 130.15 (CH-phe),
132.88 (C-phe), 142.69 (C-phe), 150.92 (C-4), 152.76 (CH-2), 154.67 (C-6) ppm.

19F NMR (DMSO-d6, 377MHz): & = -53.38 ppm.

HRMS (ESI): calculated for Ci9H19CIF3N4O4 ([M+H]*): 459.10418, found: 459.1044.

Synthesis of  4-((2-fluorobenzyl)amino)-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-
d]pyrimidine (8g)

Compound 8g was synthesized according to general procedure A (starting with 0.75 g of 6), followed
by general procedure B. This delivered 185 mg of product in 37% yield over 2 steps.

'H NMR (DMS0-d6, 400MHz): 6 = 3.52 — 3.61 (m, 1H, H-5’), 3.63 — 3.72 (m, 1H, H-5’), 3.93 (dd, J=6.6,
3.2 Hz, 1H, H-4’), 4.11 (dd, J= 9.3, 5.1 Hz, 1H, H-3’), 4.41 (dd, J= 11.4, 5.9 Hz, 1H, H-2"), 4.87 (d, J= 5.9
Hz, 2H, CH,-benzyl), 5.16 (d, J= 4.9 Hz, 1H, 3’-OH), 5.19 (t, J= 5.5 Hz, 1H, 5’-0OH), 5.41 (d, J= 6.0 Hz, 1H,
2’-0H), 6.13 (d, J=5.9, 1H, H-1’), 6.56 (t, J= 5.8, 1H, NH), 7.08 — 7.33 (m, 4H, H-phe), 8.26 (s, 1H, H-8),
8.29 (s, 1H, H-2) ppm.

13C NMR (DMSO-d6, 100MHz): & = 38.03 (d, 3Jcp = 4.6 Hz, CHa-benzyl), 61.18 (C-5'), 70.23 (C-3’), 74.12
(C-2’), 85.36 (C-4'), 87.36 (C-1’), 98.59 (C-5), 103.13 (q, 2ic.n = 37.3 Hz, C-7), 115.08 (d, Jicr) = 21.0 Hz,
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CH-phe), 123.56 (q, Yic.r) = 265.94 Hz, CF3), 124.29 (d, Jic.r) = 3.3 Hz, CH-phe), 124.36 (C-8), 126.42 (d,
2)cr) = 14.4 Hz, C-Phe), 128.49; 128.54; 128.62 (m, 2 x CH-phe), 150.91 (C-4), 152.80 (C-2), 154.73 (C-
6), 160.14 (d, YJcp= 243.52 Hz, C-phe) ppm.

19F NMR (DMSO-d6, 377MHz): & = - 119.32 (F-phe), -53.36 (CFs) ppm.

HRMS (ESI): calculated for CisH1sFaN4Oa ([M+H]*): 443.13368, found: 443.1333.
Synthesis of 4-phenylamino-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (8h)

CF4
0 o N
N
HO/\g 2 \N \©
ST N
HO ©oH 7

Compound 8h was synthesized according to general procedure A (starting with 0.56 g of 6), however,
AgOTf (1eq) was added as well. Benzoyl group deprotection using general procedure B delivered 120
mg of the product in 52% yield over 2 steps.

'H NMR (DMSO-d6, 400MHz): 6 = 3.54 — 3.63 (m, 1H, H-5’), 3.65 — 3.74 (m, 1H, H-5’), 3.96 (m, 1H, H-
4’),4.10-4.17 (m, 1H, H-3’), 4.43 (dd, J=11.2, 5.7 Hz, 1H, H-2’), 5.15-5.22 (m, 2H, 3’ and 5’-OH), 5.45
(d, J= 6.2 Hz, 1H, 2’-OH), 6.19 (d, J= 5.7, 1H, H-1’), 7.13 (t, J= 7.4 Hz, 1H, H-phe), 7.34 — 7.47 (m, 3H, H-
phe, NH), 7.69 (d, J='7.7Hz, 2H, H-phe), 8.42 (s, 1H, H-8), 8.47 (s, 1H, H-2) ppm.

13C NMR (DMSO-d6, 100MHz): 6 = 61.10 (CH,-5’), 70.15 (CH-3’), 74.24 (CH-2’), 85.39 (CH-4’), 87.36 (CH-
1’), 99.69 (C-5), 102.86 (g, U = 37.1 Hz, C-7), 121.67 (CH, phe), 123.62 (g, Ycr = 266.0 Hz, CFs),
123.76 (CH, phe), 125.67 (g, 3Jicr) = 6.3 Hz, C-8), 128.75 (CH-phe), 138.62 (C-phe), 151.39 (C-4), 152.44
(CH-2), 152.88 (C-6) ppm.

F NMR (DMS0-d6, 377MHz): § = -52.66 ppm.

HRMS (ESI): calculated for CigHisF3sN4O4 ([M+H]*): 411.12747, found: 411.1278.

Synthesis of 4-phenethylamino-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine
(8i)

Compound 8i was synthesized according to general procedure A (starting with 0.45 g of 6), followed
by general procedure B. This delivered 150 mg of the product in 49% vyield over 2 steps.

'H NMR (DMSO-d6, 400MHz): & = 2.92 (t, J= 7.1Hz, 2H), 3.52 = 3.59 (m, 1H, H-5"), 3.63 — 3.71 (m, 1H,
H-5’), 3.78-3.86 (m, 2H), 3.92 (m, 1H, H-4’), 4.07 — 4.13 (m, 1H, H-3’), 4.40 (dd, J= 11.2, 5.9 Hz, 1H, H-
2’), 5.15 (d, J= 4.89Hz, 1H, 3’-OH), 5.19 (t, J= 5.39Hz, 1H, 5’-OH), 5.40 (d, J= 6.2 Hz, 1H, 2’-OH), 5.88 (t,
J= 4.9Hz, 1H, NH), 6.12 (d, J= 5.9, 1H, H-1’), 7.18-7.33 (m, 5H, H-phe), 8.19 (s, 1H, H-8), 8.35 (s, 1H, H-
2) ppm.

3C NMR (DMS0O-d6, 100MHz): & = 34.73 (CH2), 41.92 (CH2), 61.19 (CH»-5"), 70.22 (CH-3’), 74.09 (CH-
2’), 85.33 (CH-4’), 87.30 (CH-1"), 98.46 (C-5), 102.97 (q, 2Jicr)= 37.1 Hz, C-7), 123.50 (q, YJ(c-r = 266.0 Hz,
CFs), 124.08 (q, 3Jicr = 6.4 Hz, C-8), 126.19 (CH, phe), 128.39 (2 x CH-phe), 128.69 (2 x CH-phe), 139.16
(C-phe), 150.77 (C-4), 152.94 (CH-2), 154.79 (C-6) ppm.
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9F NMR (DMSO-d6, 377MHz): & = -53.36 ppm.

HRMS (ESI): calculated for CoH22F3N4O4 ([M+H]"): 439.15877, found: 439.1581.

Synthesis of 4-cyclopentylamino-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine
(8))
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Compound 8j was synthesized according to general procedure A (starting with 0.75 g of 6), followed
by general procedure B. This delivered 225 mg of the product in 49% yield over 2 steps.

IH NMR (DMSO-d6, 400MHz): & = 1.44 — 1.74 (m, 6H, H, CHa-cyclopentyl), 1.98 — 2.10 (m, 2H, CH,-
cyclopentyl), 3.52 —3.61 (m, 1H, H-5"), 3.63 —3.71 (m, 1H, H-5’), 3.93 (dd, J= 7.0, 3.5 Hz, 1H, H-4"), 4.11
(dd, J= 8.5, 4.6 Hz, 1H, H-3’), 4.40 (dd, J= 11.2, 5.7 Hz, 1H, H-2’), 4.53 (m, CH-cyclopentyl), 5.15 (d, J=
4.9 Hz, 1H, 3’-0OH), 5.19 (t, J= 5.0 Hz, 1H, 5’-0H), 5.33 (d, J= 5.4 Hz, 1H, NH), 5.40 (d, J= 6.1 Hz, 2’-OH),
6.12 (d, J=5.9, 1H, H-1), 8.24 (s, 1H, H-8), 8.34 (s, 1H, H-2) ppm.

13C NMR (DMSO-d6, 100MHz): 6 = 23.17 (2x CHa-cyclopentyl), 32.59 (CH,-cyclopentyl), 32.64 (CHa-
cyclopentyl), 52.16 (CH-cyclopentyl), 61.17 (C-5’), 70.20 (C-3’), 74.13 (C-2’), 85.35 (C-4’), 87.39 (C-1’),
98.61 (C-5), 102.63 (q, YJc-r = 36.92 Hz, C-7), 123.76 (q, YJicr) = 265.94 Hz, CF3), 124.41 (q, 3Jicr = 6.23
Hz, C-8), 150.69 (C-4), 152.97 (C-2), 154.54 (C-6) ppm.

F NMR (DMS0-d6, 377MHz): § = -53.10 ppm.

HRMS (ESI): calculated for C17H22F3sN4O4 ([M+H]*): 403,15878, found: 403.1589.

Synthesis of 5-benzyl-1-(B-D-ribofuranosyl)-1,2,5,6,8-pentazaacenaphtylene (15a)
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Nucleoside 15a was synthesized according to general procedure C (starting with 0.14 g of 22a),
followed by general procedure B. This delivered 70 mg of the product in 76% yield over 2 steps.

IH NMR (DMSO-d6, 400MHz): & = 3.42-3.50 (m, 1H, H-5’), 3.55-3.62 (m, 1H, H-5"), 3.91 (dd, J= 9.3; 4.5
Hz, 1H, H4’), 4.20 (dd, J=9.6; 5.0 Hz, 1H, H-3’), 4.64 (dd, J= 10.63; 5.1Hz, 1H, H-2’), 4.87 (dd, J=6.5; 5.2
Hz, 1H, 5’-OH), 5.12 (d, J= 5.4 Hz, 1H, 3’-0H), 5.20 (s, 2H, CH,-benzyl), 5.37 (d, J= 6.0 Hz, 1H, 2’-OH),
5.92 (d, J= 4.9 Hz, 1H, H-1’), 6.51 (d, J= 7.6 Hz, 1H), 7.26-7.37 (m, 5H, H-phe),7.40 (d, J= 7.6 Hz, 1H),
8.39 (s, 1H, H-2) ppm.

13C NMR (DMSO-d6, 100MHz): & = 49.37 (CH,-benzyl), 62.31 (C-5'), 70.87 (C-3'), 73.17 (C-2’), 85.28 (C-
4’),89.75 (C-1'), 102.82 (CH), 109.65 (C-5), 127.45 (CH-phe), 127.73 (CH-phe), 128.75 (CH-phe), 136.84
(C-phe), 138.29 (CH), 143.06 (C-7), 153.13 (C-4), 154.40 (C-6), 160.01 (C-2) ppm.

HRMS (ESI): calculated for C19H20Ns04 ([M+H]+): 382.15098, found: 382.1509.

Synthesis of 5-cyclpentyl-1-(B-D-ribofuranosyl)-1,2,5,6,8-pentazaacenaphtylene (15b)
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Nucleoside 15b was synthesized according to general procedure C (starting with 0.99 g of 22b),
followed by general procedure B. This delivered 96 mg of the product in 21 % yield over 2 steps.

'H NMR (DMS0O-d6, 400MHz): § = 1.57 — 1.73 (m, 2H, cyclopentyl), 1.75 — 1.92 (m, 4H, cyclopentyl),
1.97 - 2.11 (m, 2H, cyclopentyl), 3.39 —3.49 (m, 1H, H-5’), 3.53 - 3.64 (m, 1H, H-5’), 3.91 (dd, J=9.5, 4.5
Hz, 1H, H-4’), 4.20 (dd, J=9.6, 5.0 Hz, 1H, H-3’), 4.61 (dd, J=10.6, 5.1 Hz, 1H, H-2’), 4.88 (dd, J=6.5, 5.2
Hz, 1H, 5’-OH), 5.02 — 5.11 (m, 1H, C-CH-cyclopentyl), 5.11 (d, J=5.5, 1H, 3’-OH), 5.36 (d, J= 5.9 Hz, 1H,
2-0OH’),5.92 (d, J=4.8 Hz, 1H, H-1’), 6.48 (d, J= 7.8 Hz, 1H), 7.39 (d, J= 7.9 Hz, 1H), 8.36 (s, 1H, H-2) ppm.

13C NMR _(DMSO-d6, 100MHz): § = 23.81 (CH2-cyclopentyl), 30.67 (CH2-cyclopentyl), 56.11 (C-CH-
cyclopentyl), 62.35 (C-5’), 70.89 (C-3’), 73.22 (C-2’), 85.40 (C-4’), 89.73 (C-1’), 102.98 (CH), 109.60 (C-
5), 134.73 (CH), 143.00 (C-7), 153.40 (C-4), 154.47 (C-6), 159.78 (C-2) ppm.

HRMS (ESI): calculated for C17H23NsO4 ([M+H]+): 360.16668, found: 360.1665.

Synthesis of 5-(4-methoxybenzyl)-1-(B-D-ribofuranosyl)-1,2,5,6,8-pentazaacenaphtylene (15c)

OMe
o, \Q
N N
Ho T
N
HO OH

N~

Nucleoside 15¢ was synthesized according to general procedure C (starting with 0.99 g of 22c),
followed by general procedure B. This delivered 135 mg of product in 42 % yield over 2 steps.

'H NMR (DMSO-d6, 400MHz): 6 = 3.41-3.50 (m, 1H, H-5"), 3.55-3.63 (m, 1H, H-5’), 3.71 (s, 3H, OMe),
3.91 (m, 1H, H4’), 4.20 (dd, J= 9.6; 5.0 Hz, 1H, H-3"), 4.64 (dd, J= 10.7; 5.2Hz, 1H, H-2"), 4.87 (dd, J= 6.5;
5.3 Hz, 1H, 5’-OH), 5.12 (m, 3H, 3’-OH, CH,-Bz), 5.37 (d, J= 6.0 Hz, 1H, 2’-OH), 5.91 (d, J= 4.9 Hz, 1H, H-
1’), 6.49 (d, J= 7.6 Hz, 1H), 6.90 (d, J= 8.7Hz, 2H, PMB), 7.31 (d, J= 8.7Hz, 2H, PMB),7.39 (d, J= 7.6 Hz,
1H), 8.39 (s, 1H, H-2) ppm.

13C NMR (DMSO-d6, 100MHz): & = 48.85 (CH2-benzyl), 55.08 (CHs-Ome), 62.32 (C-5’), 70.87 (C-3’),
73.17 (C-2’), 85.68 (C-4’), 89.75 (C-1’), 102.76 (CH), 109.66 (C-5), 114.13 (2x CH-PMB), 128.76 (C, PMB),
129.15 (2x CH-PMB), 138.10 (CH), 143.08 (C-7), 153.12 (C-4), 154.33 (C-6), 158.88 (C-PMB), 160.00 (C-
2) ppm.

HRMS (ESI): calculated for CoH22NsOs ([M+H]+): 412,16155, found: 412.1614.

Synthesis of 5-methyl-1-(B-D-ribofuranosyl)-1,2,5,6,8-pentazaacenaphtylene (15d)

o o7 B
N
HO/\Q‘N e

_— N

HO  OH N

Nucleoside 15d was synthesized according to general procedure C (starting with 0.34 g of 22d),
followed by general procedure B. This delivered 70 mg of the product in 44 % yield over 2 steps. (The
protons/carbons of the cyclised ethynyl group are highlighted in italics, the purine numbering is
followed in the NMR characterization)
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'H NMR (DMSO-d6, 400MHz): & = 3.41 — 3.49 (m, 1H, H-5’), 3.51 (s, 3H, Me), 3.55 — 3.64 (m, 1H, H-5'),
3.91 (m, 1H, H-4’), 4.20 (dd, J= 9.7, 5.0 Hz, 1H, H-3’), 4.63 (dd, J=10.6, 5.1 Hz, 1H, H-2’), 4.90 (dd, J=6.5,
5.2 Hz, 1H, 5’-OH), 5.12 (d, J= 5.4, 1H, 3’-OH), 5.37 (d, J= 5.9 Hz, 1H, 2-OH’), 5.91 (d, J= 4.8 Hz, 1H, H-
1'), 6.45 (d, J= 7.6 Hz, 1H), 7.29 (d, J= 7.6 Hz, 1H), 8.37 (s, 1H, H-2) ppm.

13C NMR (DMSO-d6, 100MHz): & =34.09 (CH3), 62.33 (CH,-5’), 70.88 (CH-3), 73.21 (CH-2’), 85.24 (CH-
4’), 89.73 (CH-1’), 102.06 (CH), 109.66 (C-5), 139.20 (CH), 143.26 (C-7), 152.92 (C-4), 154.55 (C-6),
160.00 (CH-2) ppm.

HRMS (ESI): calculated for C13H16NsO4 ([M+H]+): 306.11968, found: 306.1194.

Synthesis of 1-(B-D-ribofuranosyl)-5-thia-1,2,6,8-tetraazaacenaphtylene (29)

o) N= N
N S
HOAQ’ A
Rand N
HO  oH V&

Intermediate 28 (0.16 g, 0.26 mmol, 1 eq) was dissolved in MeOH (4 mL) and K>COs (11 mg, 0.08 mmol,
0.3 eq) was added. After 3h, the reaction mixture was filtered and the filtrate purified via flash column
chromatography (DCM/MeOH 0 -> 10%). This delivered 48 mg of the product in 60% yield.

IH NMR (DMSO-d6, 400MHz): & = 3.41 — 3.48 (m, 1H, H-5’), 3.54 — 3.62 (m, 1H, H-5’), 3.92 (dd, J= 9.9,
4.7 Hz, 1H, H-4"), 4.22 (dd, J= 9.9, 5.0 Hz, 1H, H-3’), 4.65 (dd, J=10.5, 5.1 Hz, 1H, H-2’), 4.77 (t, J= 5.9 Hz,
1H, 5'-OH), 5.18 (d, J= 5.5, 1H, 3’-OH), 5.44 (d, J= 5.9 Hz, 1H, 2’-OH), 6.02 (d, J= 4.8 Hz, 1H, H-1’), 7.39
(d, J= 9.7 Hz, 1H), 7.43 (d, J= 9.8 Hz, 1H), 8.65 (s, 1H, H-2) ppm.

13C NMR (DMSO-d6, 100MHz): & = 62.13 (C-5’), 70.70 (C-3’), 73.11 (C-2’), 85.35 (C-4’), 89.11 (C-1’),
114.19 (C-5), 117.79 (CH), 129.93 (CH), 142.93 (C-7), 151.02 (C-4), 158.10 (C-2), 164.35 (C-6).

HRMS (ESI): calculated for Ci1,H13N404S ([M+H]+): 309.06518, found: 309.0652.

Crystal X-Ray data
Experimental

Compound 15d was crystalized from DCM via evaporation and a suitable crystal of 15d was selected
and mounted on a LithoLoop on a Rigaku Oxford Diffraction SuperNova Dual source (Cu at zero)
diffractometer with an Atlas CCD detector using w scans and CuKa (A = 1.54184 A) radiation. The crystal
was kept at 100 K during data collection. The images were interpreted and integrated with the program
CrysAlisPro [1]. Using Olex2 [2], the structure was solved with the SHELXT structure solution program
using Intrinsic Phasing and refined with the SHELXL refinement package using Least Squares
minimization [3,4].

Crystal structure determination

Crystal Data for Ci3H1sNsO4 (MW = 305.30 g/mol): orthorhombic, space group P2:2:2; (no. 19), a =
7.62230(10) A, b = 8.09260(10) A, ¢ = 21.8352(2) A, vV = 1346.89(3) A3, Z= 4, T = 100(2) K, u(Cu Ka) =
0.968 mm?, Dcalc = 1.506 g/cm?3, 14126 reflections measured (8.098° < 20 < 147.114°), 2689 unique
(Rint = 0.0360, Rsigma = 0.0225) which were used in all calculations. The final R; was 0.0259 (I > 20(l)) and
WR; was 0.0656 (all data).

CCDC 2280787 contains the supplementary crystallographic data for this paper. These data can be
obtained free of <charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/structures.
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Table S3: Conditions tested to cyclise N®-benzyl-7-ethynyl-7-deazaadenosine

7

o —
N
BzO 0Bz '

Entry | Reagent Solvent

1 Ag OTf (0.2 eq) DCE

2 Cu (OTf)2(0.2 eq) DCE

3 Cu (OAc)2 (0.2 eq) MeCN
4 Cul (0.2 eq) THF
5 NaH (1 eq) DMF

Conditions

84°C

84°C

82°C

66°C

0°C->RT

Result

No reaction

Alkyn-Alkyn cross coupling
(Eglinton Reaction)
Alkyn-Alkyn cross coupling

No reaction

Complex mixture

All reactions were performed on a 0.5 mmol scale, monitored via LCMS and TLC.

Table S4: Conditions tested to cyclise 7-ethynyl-aminopurinol and allopurinol riboside

4
N= o N="
O __N X N X
BZO/\Q‘N z \ — = BzO/\Q‘ Z |
S NaN S o NaN
BzO oBz Y BzO oBz Y
X=NH; or OH
Entry | X Reagent Solvent Conditions Result
1 OH AgOTf (0.2 eq) DCE 84°C No reaction
2 OH Cu (OAc)2 (0.2 eq) MeCN 82°C Alkyne-Alkyne cross coupling
3 OH DBU(1eq) DCE 84°C No reaction
4 OH  KOtBu (1 eq) DMF 100°C No reaction
5 NH2 Ag OTf (0.2 eq) DCE 84°C No reaction

All reactions were performed on a 0.5 mmol scale.
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Table S5: Attempts to remove the PMB protecting group

IN* — Ni —
O __N NPMB O N NH
ot w0 (Y

B0 oBz NS B0 oz NS
Entry | Reagent Solvent Conditions Result
1 TFA DCM (1/1) RT No reaction
2 4M HCI Dioxane 90°C Glycosidic bound cleavage
3 DDQ (1.1 eq) DCM/H.0 RT No reaction
4 CAN (1.1 eq) MeCN/H20 RT No reaction
5 Pd/C 10%; Ha Formic acid RT No reaction

All reactions were performed on a 0.5 mmol scale.
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'H & 13C NMR spectra of intermediates
Compound 5 (4-chloro-5-(trimethylsilyl)ethynyl-N7-(2’, 3’, 5’-tri-O-benzoyl-B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine)

'H NMR (CDCl3), 400MHz)
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13C NMR (CDCls, 100MHz)
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Compound 11 (3-iodo-4-oxo -N1-(2’, 3’, 5’-tri-O-benzoyl-B-D-ribofuranosyl)-pyrazolo[3,4-d]pyrimidine)

'H NMR (CDCl3), 400MHz)
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13C NMR (CDCls, 100MHz)
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Compound 18 (4-oxo-3-((triethylsilyl)ethynyl)-N1-(2’, 3’, 5’-tri-O-benzoyl-B-D-ribofuranosyl)-pyrazolo[3,4-d]pyrimidine)

'H NMR (CDCl3), 400MHz)
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13C NMR (CDCls, 100MHz)
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[ppm]
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Compound 19 (4-chloro-3-((triethylsilyl)ethynyl)-N1-(2’, 3’, 5’-tri-O-benzoyl-B-D-ribofuranosyl)-pyrazolo[3,4-d]pyrimidine)

'H NMR (CDCl3), 400MHz)
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13C NMR (CDCls, 100MHz)
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IH & 13C NMR spectra of final compounds

Compound 4-benzylamino-5-ethynyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (7a)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 4-(((S)-1-phenylethyl)amino)-5-ethynyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (7b)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 4-(((R)-1-phenylethyl)amino)-5-ethynyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (7c)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 4-((2-chlorobenzyl)amino)-5-ethynyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (7d)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 5-ethynyl-4-((2-fluorobenzyl)amino)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (7g)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 4-(cyclopentylamino)-5-ethynyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (7j)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 4-benzylamino-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (8a)

'H NMR (DMSO-d6, 400MHz)
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Compound 4-(((S)-1-phenylethyl)amino)-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (8b)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 4-(((R)-1-phenylethyl)amino)-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (8c)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 4-((2-chlorobenzyl)amino)-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (8d)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 4-((4-chlorobenzyl)amino)-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (8e)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 4-((3-chlorobenzyl)amino)-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (8f)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 4-((2-fluorobenzyl)amino)-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (8g)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 4-phenylamino-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (8h)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 4-phenethylamino-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (8i)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 4-cyclopentylamino-5-trifluoromethyl-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (8j)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 5-benzyl-1-(B-D-ribofuranosyl)-1,2,5,6,8-pentazaacenaphtylene (15a)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 5-cyclpentyl-1-(B-D-ribofuranosyl)-1,2,5,6,8-pentazaacenaphtylene (15b)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 5-(4-methoxybenzyl)-1-(B-D-ribofuranosyl)-1,2,5,6,8-pentazaacenaphtylene (15c)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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Compound 5-methyl-1-(B-D-ribofuranosyl)-1,2,5,6,8-pentazaacenaphtylene (15d)
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13C NMR (DMS0-d6, 100MHz)
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Compound 1-(B-D-ribofuranosyl)-5-thia-1,2,6,8-tetraazaacenaphtylene (29)

'H NMR (DMSO-d6, 400MHz)
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13C NMR (DMS0-d6, 100MHz)
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LCMS-traces of final compounds
Compound 7a

22-Sep-2021
SK3218-check 3: Diode Array
255.56 Range: 2.5056+2
E Time Height Area  Area%
2 Oe+2] 4.0543 255934128 16769167.00 97.78
: 43793 852867 4067352  0.24
- 5 48515 5286341  340854.81  1.99
T
1.0e+2]
1 236.56
N L B o e I o B S s L L L I LS I LS B L ma
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
SK3218-check 2: Scan ES-
226.60 378.95 990.61 379
100- : 379.15
379.05 22711 4.43e3
22721 530.59
226.80 378.95 471.80 226.70
226585 | 297 31 226.85 802.84 40277
=] 395,02 227 16 : 155 04 226,80
N n
L B e I L B B L B S L L SRR BRI AR
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
SK3218-check 1: Scan ES+
381.28 3681
100-
6118 2.41e5
e
g_
38128
re
381.43
0 hoanalony
U R N I L L L B L L R I AL B I I R AN AR R
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
SK3218-check 2: Scan ES-
1004 226.95 BPI
226.75 22695557 11 226 85 297 01 226.95 22711 20711 226.85 248.95 1654
i 227.06 ° 7 221.06 226.85| _227.01
22716 226 580226 85| 22T 248.95226.85
g_
OJI""I""I""I""I""I""I'"'I""I""I""I""I""I""I""I"'I"'I" T T
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
SK3218-check 1: Scan ES+
331.28 BPI
100 2.41e5
2
485.37
1304 28118 21875 pg0 93 17914 118.97 ool BITS0 078.68 48281 25317 14504 25321 19746
i e i, L Hobnd FTRS T S i Lt b
R B L B L L L L R I I UL UL LU IS R A s s B
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
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Compound 7b

15-Nov-2021
12:23:38
FM1028 S pure 3: Diode Array
240.56 Range: 2.838e+2
E Time Height Area  Area%
38732 1729523 9714194  0.44
2.0e+25 41998 280152256 22052798.00 99.56
[P 3
T
1.0e+2
0.0 ""|'"'|""|""|""|""|""|'2'3'1'-5|G"""'|""|""|""|""|'"'|""|""|""|""|""T""|
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1028 S pure 2: Scan ES-
525.22 303
100 227.01 226.75 2 57e3
227.01
g_
O~ TPt Tt
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FIM1028 S pure 1: Scan ES+
395.29 305
100+ 1.88e5
g_
395.29
e
139508 39534
o ool ,
L L O L N L A I L LA AL I I L I I AL LI L I
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1028 S pure 2 Scan ES-
100 227.01 _BPl
22690 296,90 1.89e4
90 249 10 : 227.06
s - 297 01 22690 226.90 22?2122585
R o 227 01227 01 226.95 7 49,05 24895 226.95
R B o e A B B S I LA I L R s e
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1028 S pure 1: Scan ES+
395.29 BPI
100 1.88e5
=
11912 119.02 113.07 1912 119.27 118.97.. 641.80 171.16233.22 17167  278.98 889.3
0 - ,258'68“‘1 [ i 2 R KT A T -?’1?..1'4%”18
D B O L N I L B L L A I I LU I I AL I I R
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
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Compound 7c

15-Nov-2021
11:00:58
FM1027 R pure 3: Diode Array
234 56 Range: 2.563e+2
E Time Height Area  Area%
5 Dess ] 42165 249798464 17126586.00 97.76
44831 9774535  391887.72  2.24
n3 E
<L 10e+2]
3 244.56
0.0 AR B S B LS R RS L AR T T RN R R L
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1027 R pure 2: Scan ES-
155.19 303
100+ 3.18e3
g_
O~ T T[T T T
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1027 R pure 1: Scan ES+
395.29 305
100 1.88€5
395.24
g_
395.44
(3R 394.52
G ahn F
L L A L N I L I N I NI I AR RERA LA IR RN RN
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1027 R pure 2 Scan ES-
_ 226.80 29685 226.85 BFI
1007 2706 g9599| 22706 ( 227.16.226.90 0 226.95 2101 695 24880 1.50ed
~ 227.01 297 11 i 2271 297 M 296,85
3 s - 226.70
g_
0 ey S I R I R I LR R AR T Tl SVABBEREASENAERR RN
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1027 R pure 1: Scan ES+
395.29 BPI
100 1.88€5
395.24
g_
44508 171.16 103594  300.35576.82 140.23 126.54 16910  116.92
IS s AN ‘ o S 002 ran
AR REEIE AR R SRR IR T T T T e e e e e e Time
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
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Compound 7d

12-Oct-2021
13:05:10
FM1008 pure 3: Diode Array
251 56 Range: 1.747e+2
Time Height Area  Area%
E 42415 3269892  101407.23 127
43015 168000368 790392350 98.73
o 10e+2]
1 229.56
)
N L B o L I o B I I S B L B LS R L e
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1008 pure 2: Scan ES-
413
1005 0
8
1 B L e o
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1008 pure 1: Scan ES+
415.33 415
100 1.30e5
15.28
g_
41617
415.12 415.48
G n Wi o " " o
LR R L L L B N B N I AL I RIS UL L I AL IS R R |
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1008 pure 2: Scan ES-
2271 BRI
22716 -
100 5 226.75 227.01 211 mges gprie Jp6 7 24880 52056 1514
27695 226.90. 221.0 227.01 : 226.95 226955 N 22685
226.70
S 226.80
s
R B e o e L B A L A RARRS B VAEAE REARE LAREE R
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1008 pure 1: Scan ES+
415.33 BPI
100 1.30e5
15.28
g_
113.04 17118 118.81 g27.74 97679 44559 1652347121 559 g 21722 MB.T6
L i e L RARA Rnassnasns VAR RRARE RARRE = Time
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
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Compound 7g

12-Oct-2021
16:05:35
FM1009 pure 3: Diode Array
24156 Range: 2. 645e+2
E Time Height Area  Area%
2 0e+2] 41265 261794288 19317802.00 99.73
: 6.8880 284928 14980.88  0.08
[ E 7.7129 668939 3773914 019
1.0e+24
0.0 RARRE AREE [ B NI B IR AL RS AR LA LA R LR R
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1009 pure 2: Scan ES-
1158.74 397
100~ 397.09 4.04e3
396.99
644 82 597.03 17932 39%6.84
#11011.49  (396.52 363.14 226.80 916.81 248.90 1056.65
B i I A R B I L
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1009 pure 1: Scan ES+
399.27 399
100 2.39e5
399.27
g_
399.22
399.33 399.35 399.02
L L B e L I L L L R LS I L L s
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1009 pure 2: Scan ES-
100+ 226.95 2o o
. 226.95 249.00.556.78 1.41e4
22695, 227.06 2670 556 0e Joi 56 227.01 226,95 128,42 248,95 226 5
U 227 .01 792,90 226.95 226.90
= 226.
0y N N B R B R B N I R NAREL M NI BN AL I IR IR
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1009 pure 1: Scan ES+
399.27 BPI
100 2.39e5
399.27
g_
399.22
178.83 17121 49712 10234 64349 118.81
S 102.05100.31 112,63 156 52 116.05 el s 62145 12234 4 17131 43077 %07
L R e L s L B L B L I e L L e NN AR E s sl
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
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Compound 7j

07-Sep-2021 column 2
SK3219-PURITY3 3: Diode Array
241.56 Range: 2.273e+2
5 Des2] Time Height Area  Area%
e 3.4632 2246459 28781166  2.44
3 3.8965 224172464 11359837.00 96.32
- 4.0865 4934951 14504583 124
< 1.0e+2]
\ 22056 f 39056
N B O B B o e A B L B AR L L R L R
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
SK3219-PURITY3 2: Scan ES-
356.80 357
100 2.20e3
g_
L e B L e B e L e B A NS nan s na
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
SK3219-PURITY3 1: Scan ES+
359.30 350
100+ 2.01e5
359.24
g_
359.04
353.3511 359.24
L B e L B s L L I L I L L A
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
SK3219-PURITY3 2: Scan ES-
264.86 BPI
100+ b 226.85 226.75 226.90
22695 2695 3 22101 20670 24895 /284
227.06 3 22675 227.06 297 11 3
7 : 22690 227.06
g_
O
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
SK3219-PURITY3 1: Scan ES+
359.30 BPI
100 2.01e5
359.24
=
359.04
10184 509095 145753150617116  []359.24 100297 2280 12715 12505 709 5o 2822028230 453 9
dtd . oMb hithl P — TAPUAON FUNON M Y Lhobtod -
R B L B L L L L R I AL UL UL U LA R W A s e B
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
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Compound 8a

23-Sep-2021
SK3221-PURITY 3: Diode Array
258.56 Range: 2.105e+2
2. 0e+2 Time Height Area  Area%
3.6932 2090927 14972755  1.06
3 42515 1318843 9559472  (0.68
BT 10e+2] 44915 207520112 1358724600 96.57
284.56 275.56
L B L B B B A R L B A L L R L R
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
SK3221-PURITY 2: Scan ES-
423
1001 0
)
B I B e e B o L L L L B I MR RARR!
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
SK3221-PURITY 1: Scan ES+
425.19 425
1007 3.55€5
] 25.30
425.40
0 T AR N N R N N L AR R N
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
SK3221-PURITY 2: Scan ES-
_ 536.87 BPI
2.50e4
226.90 227.01 226.90 6% 227.06 226.90 27.01 227.06
£ N : 9022695 226.90 226,90 R 22716 22731 227.01 7 47854
- 226.80
Y SRS RY St L A A (G, A L R A A S S R L L S ALY
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
SK3221-PURITY 1: Scan ES+
425.19 BPI
100 3.55e5
] 25.30
475.14
86662 74460 aaa79 28179 36328 | 62923 58674 48179 23i20;5?-38
O L B I L B L B L B L I S A L L L L AL
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
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Compound 8b
09-Nov-2021
FM1023 S pure 3: Diode Array
268.56 Ranage: 1.61e+2
1.5e+2 Time Height Area  Area%
E 48981 158891008 8421860.00  99.66
1.0e+2 52781 670445 2843254 0.3
[ B E
5 0e+14
0.0 R T e e e e 2?656||||||||||
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1023 S pure 2: Scan ES-
437
100+ 0
8
-100 - e e e T e
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1023 S pure 1- Scan ES+
43915 439
1001 3.94e5
2] 39.20
R I i e B B o e L L L L L S A L
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1023 S pure 2 Scan ES-
BPI
1004 2 1.70e4
. 226.90 248.85
297.01 227.16.227.01.226.95  227.01 297 01 226.85 227. 45.95 | 245,85 22711
268 22655 ( 2706.227.01 22685 38498 | N (
=] 227 16
s
I B I L I B S I A I L IS LN I LS R W R
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1023 S pure 1: Scan ES+
439.15 BPI
100 3.94e5
2 39.20
3T 1gg4g#4s-39 391.40 48930 119.02 27913 282 56 516.91
e B e s B A B B e L e e s e n LT
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
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Compound 8c

09-Nov-2021
FIM1022 R pure 3: Diode Array
272.56 Range: 1.350e+2
E Time Height Area  Area%
Do) 49065 133311648 6821188.50 99.95
Oe 5.6381 90662 333478 0.0
uz E
< 50414
0.0 M I
UL A S T A I N A A I R L I I R LI LIS
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1022 R pure 2: Scan ES-
437
1001 0
8
B I B e e B o L L L L B I MR RARR!
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FIM1022 R pure 1: Scan ES+
439.25 439
100+ 3.05€5
43920 )50 1
g_
439.41
e
_439.15
L i B e e B B e B A A KA
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1022 R pure 2: Scan ES-
248.80 BPI
e 226.90 226.90 227.01 227.01248.95 o7
: : 226.85 01248,
2 22685 97 05 226_80225_85\221321? 2675 2716 397 01 2| | 226.95
Y
]| |248.95
S
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FIM1022 R pure 1: Scan ES+
439.25 BPI
100 3.05e5
4392050 1
2
439.41
14468 11876 187.93 232.97 45092 727.07 135,99 40163 44621 28235 2022528235 pg4 g
0 |""|f"“'|""|'''J'|''''|"''|”'L"'|"J"|""|""'|""‘|""|"'M'|""'|""|'''"‘l“lm"M"l“m'.‘]""'|'"'|""'|T“'”e
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
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Compound 8d

28-Oct-2021
FM1015 Cl pure 3: Diode Array
271.56 Range: 1.306e+2
E Time Height Area  Area%
1 Desn ] 32782 180583  59603.74  0.85
4.9648 128454904 6915923.00 99.15
.:)
<L 50e+1]
0.0 ||||||22056||||||||||||||
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1015 Cl pure 2: Scan ES-
457
100+ 0
8
B I B e e B o L L L L B I MR RARR!
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FIM1015 Cl pure 1: Scan ES+
459.04 459
100+ 2.89e5
=] 59.09
59.14
459,04 459.29
G .\*.
UL L O B N L A I N L LA I R LU I I R LA LIS L
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FM1015 Cl pure 2: Scan ES-
BPI
100+ 297 01 ;2?.01 248'85248_95 tod
227 16 227.01
227.21 22695 22711 226.90 571.24
( 22695 2685 | 226.95 2210 221011 | 557 51
. 226.95 22685 226707552 25 7 )
249.20
O s
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
FIM1015 Cl pure 1: Scan ES+
459.04 BPI
100 2.89e5
=
282.20
45929 282.25 282.25
136 55 17080 106350  116.16.234 81 28256 28220 240.99
R B L B L L L L I I I L UL I LA R AR s s e B
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
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Compound 8e

30-Jun-2022 PARA
SK4368-Purity 3: Diode Array
255 56 Range: 2.187e+2
2 ODe+2] Time Height Area  Area%
44632 60IMB46 43208588  2.97
. 47781 658318 4444209 0.3
B2 10e:2] 5.0014 214347968 13933660.00 9591
241.56
0 O e e e e e e 2?E-|56|||||||J|_—|
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
SK4368-Purity 2: Scan ES-
457
100 0
8
100 T T T T T T T T e e e e
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
SK4368-Purity 1: Scan ES+
459.14 459
100+ 2.85€5
459.04
g_
458.99
re
459 45 458*:94
L e s B e o B B e O AN NRAAN Rs Ly nass s e
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
SK4368-Purity 2: Scan ES-
227.01 BPI
100 22695596 g0
: 1.80e4
226.85 22741 o5 75 22695 ( oroe 221.06 24885 549 00 °
_226.90 : : . :
2 57068 22721  227.06 226 90 545 5o v 226.90
g_
SRS L S A L MR
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
SK4368-Purity 1: Scan ES+
459.14 BPI
100 2.85e5
459.04
=2
161.24 14115 67912 11263 17096 47131 145909 56307 40142 34763 174 o6 287 2028240
0 gt oy " Y e, L BN TR (TR R | .
I""I""I""I""I""I""I'"'I""I""I"''I""I""I""I""I""I""I""I""I'"'I""ITIrrIe
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
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Compound 8f

30-Jun-2022 META
SK4367-Purity 3: Diode Array
255 56 Range: 2.097e+2
2.0e+29 Time Height Area  Area%
44515 5597317 33574116 270
E 5.0048 205393744 1185742500 9546
BZ  1.0e+2] 54064 3404392 15504725 126
241 56
0.0 ||||||||||2?6?6| D RALARRARRS UARAS RERRE SARRE RARAY!
-0.00 1.00 200 3.00 400 5.00 6.00 7.00 8.00 9.00 10.00
SK4367-Purity 2" Scan ES-
457
100 0
8
100 e e e e T R B UL I L IR
-0.00 1.00 200 3.00 400 5.00 6.00 7.00 8.00 9.00 10.00
SK4367-Purity 1: Scan ES+
45914 459
100+
1459 14 2 54e5
g_
59 14
453.09 459.45
0 bt m
LI N I I I IR LI I T S R B UL I L I
-0.00 1.00 200 3.00 400 5.00 6.00 7.00 8.00 9.00 10.00
SK4367-Purity 2" Scan ES-
500.03 BPI
e 226 80 e 22084
226.90 7 226.90 226.90 596 50 2271 521.06 226.95
e 199 93 297 06 249 05 ) :
<] 226.80 227.01 226.90 :
807 60
k!
0+ ————— T e
-0.00 1.00 200 3.00 400 5.00 6.00 7.00 8.00 9.00 10.00
SK4367-Purity 1: Scan ES+
45914 BPI
100+ ciee
459.14 20489
g_
59 14
reaoq 2822028230
91512 969.94 3445995 05 25122 119375 46890 | |4°%09 359y 2822545045 OO
0 i > A ok PR, TR R Ti
AL BEEFE VAR SARAE RARSE RA RN REELE LA RS AR LRSS LARRE RN LR LA LA RARE LR nanaN LIS
-0.00 1.00 200 3.00 400 5.00 6.00 7.00 8.00 9.00 10.00
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Compound 8g
28-Oct-2021
FM1016 F pure 3. Diode Array
271.56 Range: 9.959e+1
Time Height Area  Area%
E 33332 190874 47749 58 1.00
46715 97106640 4709710.00 98.37
.2 5.0e+1] 5.0581 633477 30306.14 0.63
0.0 22056 274 .56 J.
T L I AL I L I LI I R R L I R B R R I I IR I
-0.00 1.00 200 3.00 400 500 6.00 7.00 8.00 9.00 10.00
FM1016 F pure 2. Scan ES-
441
1004 0
8
100 T T T T T T T T T e e e e
-0.00 1.00 200 3.00 400 500 6.00 7.00 8.00 9.00 10.00
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Compound 8h

14-Feb-2022
SK3312-Purity 3: Diode Array
292.56 Range: 2.6356+2
E Time Height Area  Area%
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Compound 8i

13-Jan-2023
SK3318-PURITY 3: Diode Array
272.56 Range: 2.174e+1
] Time Height Area  Area%
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Comp

FM1020

2

FM1020

FM1020

FM1020

FM1020

ound 8j
05-Nov-2021
3: Diode Array
266.56 Range: 1.764e+2
Time Height Area  Area%
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Compound 15a

27-Oct-2021
SK3208-B3-PURITY 3: Diode Array
222 56 Range: 7.253e+1
E Time Height Area  Area%
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Compound 15b
10-Jan-2022
FM1050 pure 3: Diode Array
222 56 Range: 3.771e+1
Time Height Area  Area%
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Compound 15c¢

11-May-2022
SK4356-Purity 3: Diode Array
297 56 Range: 1.856e+2
Time Height Area  Area%
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Compound 15d

SK4404-purity

16-Sep-2022
3: Diode Array
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3 Time Height Area  Area%
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Compound 29

26-Jan-2022
FM1058 pure 2 water 3 Diode Array
234.56 Range: 7.403e+1
Time Height Area  Area%
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